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ANALYSIS OF THE AUTOPSY RECORDS OF 157 CASES OF CARCINOMA 
OF THE PANCREAS WITH PARTICULAR REFERENCE TO THE 
INCIDENCE OF THROMBOEMBOLISM 


By M. THompson, M.D. 


AND 


LAWRENCE R. Ropcers, M.D. 
PHILADELPHIA, PENNSYLVANIA 


CarCINOMA of the pancreas has been 
well described in several reviews!?*: 
' \s a result rooted concepts con- 
cerning symptoms have been replaced 
with factual information. This has been 
true especially when autopsy material 
has been presented. Material derived 
exclusively from surgical records will 
show a weighted preponderance of 
lesions involving the head of the organ. 
Ingelfinger has stated that, not only 
ire diagnoses made on clinical grounds 
ften erroneous, but palpation or even 
biopsy at the time of operation may 
ead to an incorrect diagnosis. Often 
in accurate diagnosis can be made 
nly at autopsy or by operative pro- 
edures that resect large blocks of 
increatic tissue®. 
Analysis of Records. The clinical and 
utopsy records of 157 cases of carci- 
mma of the pancreas from January 1, 
36 to September 30, 1947 at the 
hiladelphia General Hospital were 
udied (Table 1). 
INCIDENCE. In 2 reports including a 
tal of 113 cases of carcinoma of the 


nereas there were only 6 patients 


under the age of 40*°. Three patients 
in this review were under that age 
(Table 2). There is an increased inci- 
dence of males to females (1.5:1), but 
the ratio is not as high as had been 
expected. It can be noted that the 
number of colored females almost 
equaled the number of colored males. 
This lowered the ratio of male 
preponderance which would be found 
from analysis of white patients only. 
Location OF Tumor. An autopsy 
study of carcinoma of the pancreas 
will show a preponderant number of 
lesions involving the head of the organ 
but it will include a large and signifi- 
cant number involving other sites. Al- 
most 21% (33) showed tumor in the 
body or tail without involvement of 
the head (Table 3). Almost 70% (110) 
showed tumor involvement of the head 
of the pancreas. There was a small 
number of cases in which the tail 
alone was the site of the tumor. 
Symptoms. None of these symptoms 
are classified as “early”. That symp- 
toms are often first noticed only when 
a tumor has reached an advanced 
( 469 ) 
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TABLE 1.—STATISTICS 


Number of Cases 157 
Number of Males 94 (59.9°, 
White 68 
( olored 26 
Number of Females 638 10.1 
White 38 
Colored 25 


rABLE 2.—INCIDENCI AGE, SEX AND 

l 0 6 19 
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0 4 

0 | 

9 

0 l S 14 

TABLE 38.—LOCATION OF TUMOR 

Case 
Head of Pancreas 107 68 
Body of Pancreas 14 S 
“Diffuse 14 
Body and Tail of Pancreas 10 6 
Tail of Pancreas 9 5 
Head and Body of Pancreas l 
TABLE 4.—FIRST SYMPTOMS 
Case 

Weight loss 196 80 
Anorexia 84 53 
Pain 52 
Weakness 80 51 
Nausea and vomiting 57 36 
Constipation 57 36 
Jaundice 29 18 
Diarrhea 23 14 
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CARCINOMA OF PANCREAS 
stage of growth is understandable for 
an Organ so situated as is the pancreas. 
Even pain may not occur until there is 
extension along perineural pathways. 
Weight loss in our series of cases 
lable 4) was extremely rapid and 
occasionally was unattended by any 
other symptom. Anorexia differed from 
the easy satiety of some patients with 
tumor in that there was an 
rejection of food in 
cases. Pain is discussed separately be- 
low. Weakness was frequently ex- 


gastric 


absolute most 


treme and often bordered on complete 
physical collapse. In a third of the 


cases with prominent. nausea and 


INCIDENCE 


PHROMBOEMBOLISM 17 | 


reasons for hepatomegaly other than 
hepatic metastases which occurred in 
67% (116) of the cases.. These included 
hydrohepatosis and_ biliary _ stasis. 
Biliary cirrhosis without evidence of 
hepatic metastases occurred in less 
than 10% of the cases. The high inci- 
dence of ascites (Table 5) correlated 
well with the high number of cases 
with mesenteric and _peri- 
toneal Almost always a 
palpable epigastric mass was tender. 
Although 44% of the cases showed an 
enlarged gallbladder at autopsy, in 
less than half this number was this 
organ palpable ante-mortem. However, 


omental, 
metastases. 


TABLE 5.—-PHYSICAL FINDINGS ON ADMISSION 
Cases 
Palpable liver 103 65.6 
Jaundice 88 56.1 
Ascites 42 26.8 
Epigastric mass 39 24.8 
Epigastric tenderness 37 23.6 
Palpable gallbladder 29 18.5 
Peripheral edema 29) 18.5 
Glands on rectal shelf 12 7.6 
Left supra-clavicular node 9 §.7 


vomiting there was involvement of the 
stomach and duodenum by contiguous 
spread or metastases. Three patients 
had hematemesis. One showed. inva- 
ion of the gastric mucosa, another of 
the duodenum, and a third showed 
plenic vein obstruction. Constipation 
ccurred twice as often as diarrhea. 
atty stools were reported infre- 
juently, 

PHysicaL Frnpincs. It is reasonable 
assume that most patients reaching 
city hospital have had symptoms 
r a longer time than the average 
itients in other types of hospitals. 
ysical findings as a result are often 


se of advanced disease. There were 


the Courvoisier principle was not dis- 
credited. In 89 cases with jaundice 
the gallbladder was enlarged at au- 
topsy in 78%. 

ROENTGENOGRAMS. Gastric defects as 
noted were more common than defects 
of the duodenum. The “inverted three” 
sign was reported in only 4 cases. In 
about one-half of the cases in which a 
barium enema was done because of 
constipation or obstructive symptoms, 
a defect was reported in the trans- 
verse colon. Eight cases with skeletal 
pain had a bone survey and in 7 there 
was evidence of a spinal destructive 
lesion (Table 6). This correlated per- 
fectly with evidence of metastasis at 
autopsy. 
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FINDINGS 


7 43.7 

7 87.5 
19 

) ) 


PAIN 


73.0 
27 .0 
9 0 
67.2 
7 


6 
19 24 
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|| 
Positive 
(ase 
62 LS 14.4 
A) ] 
16 
62 
TABLE 7. 
1G 
Colic-like 17 
severe pal xvems without 
colic 12 
| 
With Without 
Bac Bach 
Pair Pair Tota 
9 17 
| 17 27 
14 2] 
| 
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TABLE 8. ANALYSIS OF LABORATORY FINDINGS 


Cases 
Anemia (below 3.9 million R.B.( 
or 11.5 gm. HBG 75 47 7 
\verage R.B.A $3.27 million 
Average hemoglobin 9 78 gym 
Giveosuria (114 cases 25 17 4 
basting blood sugar (144 cases 
Normal 107 74.3 
120-149 16 11.1 
150 or above 21 14.6 
Glucose tolerance test (6 cases 
Decreased 3 50.0 
Increased l 17.7 
Norma! 2 $3.3 
Serum amylase (9 cases 
Normal 7 77.8 
Elevated Z 22.2 
Serum lipase (14 cuses 
Normal! 42.9 
Elevated 57.1 
1.2 l 
4 
1.8 l 
2.0 
$.2 
Serum bilirubin CT) or icterus index 
SS Causes 
Elevated 73 87.9 
Fluctuating early 9 12.3 
Alkaline phosphatase (26 cases 
Elevated 22 84.6 
With jaundice 21 
Without jaundice l 
Normal 
With jaundice 2 
Without jaundice 2 
Potal Cholesterol (64 cases 
Increased 
With jaundice 34 
Without jaundice $ 
Normal or de reased 
With jaundice 19 
Without jaundice Ss 
Cholesterol esters (60 cases 
Decreased 52 
With jaundice 48 


Without jaundice 4 
Normal 8 
With jaundice 3 


Without jaundice 
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ANALYSIS OF Parn. Only about a fifth 
of the pain from 
onset of symptoms to death (Table 7). 


patients escaped 


In 70 cases pain was present in the 
upper and in 28 of 
there was associated back pain aggra- 


abdomen these 


vated by recumbency. Frequently the 
pain was periumbilical or lower ab- 
dominal in location. Some complained 
of diffuse, poorly localized abdominal 
pain. Nine patients had back pain only. 
Considering the occasional reference of 
pain in acute pancreatitis to the lower 
chest, there 


reference in our series. The incidence 


s a low incidence of chest 


of paroxysmal pain provides an ex- 
planation for the confusion with chole- 
cholelithiasis which existed 


When pain 


classified as late, the average time for 


cystitis o7 


in some instances. 


Was 
its appearance was 6 months after the 
onset of another first symptom 

It is pertinent to observe that there 
was a lower incidence of jaundice 
than there was of pain. By comparison. 
only 56.7% (89 


had jaundice at some 
time during the course. Only 


94.7% 
22) had painless jaundice at all times 
Onlv 7% (11) had 
jaundice before death. 

|.ABORATORY 


neither pain nor 
Finpincs. Only signifi- 
that 
available on the records are presented 
Table 8 


reducing substances in the urine could 


cant laboratory — findings were 


The number of cases with 
be anticipated in a series which in- 
cluded many with extensive pancreatic 
It is more difficult to eval- 
uate instances of elevated blood sugar 


destruction 


or impaired glucose tolerance. Factors 
affecting glucose tolerance such as age 
not 
be separated from factors depending 
on islet cell integrity or hepatic stor- 
age of glycogen. Slightly more than 
12% of those with bilirubinemia showed 
inconstant or variable levels by labora- 
tory standards. 


and inanition before tests could 


Serum enzyme deter- 


minations without provocative stimu- 
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lation were done in relatively few of 
the cases. The serum lipase appeared 
index. Only | 
case without jaundice showed an ele- 


to be a more reliable 
vation of the alkaline phosphatase de- 
The test 
in enough cases without jaundice to 


termination. was not done 
check its reliability as an indication of 
intrahepatic metastases. Thirty-five of 
the cases with reduced esters showed 
This 


Was ho 


metastases. includes 4 cases in 


there 


dence of jaundice. 


which laboratory evi 


Merrasrases. The widespread nature 
t the 


SETIOS 


carcinoma 
Most 


report the highest incidence of metas 


of metastases from 


pancreas IS well known 


tases by wav of the perineural spaces 


lvmphatics, or blood channels to re 
gional lymph nodes, the liver and the 
vastrointestinal tract'?5. At the other 


extreme is the absence in our series of 


anv case with brain substance metas 


tases, although the dura was involved 


in one. Metastases to serous mem 
branes were associated with a_ high 
incidence of — effusions Peritoneal 


metastases had associated ascites in 
100%; pleural metastases had _ effusion 
in 50%: had 


slightly more than 73%, and pericardial 


mesenteri ascites in 


metastases had an associated pericar 
clial More 
effusions autops\ 


effusion in 75% of cases 


were reported at 
than could be accounted for by cavity 
inetastases. 
THROMBOEMBOLISM. A inci 
than of 
venous thromboses is contrary to what 


higher 
dence of arterial thromboses 
would be expected in final neoplastic 
Almost halt of 
result of aortic and pulmonary arterial 
thromboses. 


disease: these are the 
A large number of venous 
thromboses were in the portal system 
Except for 8 cases with pulmonary 
artery the infarction 
were the result of arterial and venou 
thromboses. If 


embolism, all 


which th 
tumor is described as diffuse are ex 


cases in 
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TABLE 9. 


Liver 


Regional ly mph nodes 


Gastrointestinal tract 


Esophagus 
Stomach 
Duodenum 
Small intestine 
Colen 
Rectum 
Lungs 
Adrenals 
Peritoneum 
Kidneys 
Omentum 
Pleura 
Mesentery 
Bones 
Common duct 
Spleen 
Gallbladder 
Diaphragm 
Adjacent veins 
Cy stic duct 
Pericardium 


Myocardium 


INCIDENCE 


OF 


Cases 


Common or hepatic ducts 


Skin 
Prostate 
Dura 


Bone metastases 


Sternum 
Left 3rd rib 
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LOCATION OF METASTASES 
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106 67.5 
65.6 
38 67.5 
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PABLE 10.- CLASSIFICATION OF THROMBOEMBOLIC COMPLICATIONS 
(ases 

Arterial embolisn 8 
Pulmonary Ss 100.0 

Arterial thrombosis 5 
Aortic (Mural 6 9 
Pulmonary 19.2 
Cerebral 11.3 
Renal 8 11.5 
Lliac 3 11.4 
Cardiac (Mural ) 74 
Mesenteric | 
Splenic l 
Coronary ] 

Venous thrombosis 2] 
Portal 238 
Splenic 5 23.8 
Pancreat 2 9 5 
Inferior vena cava ) QO 5 
Common iliac ) 5 
Superior mesenteri 
Inferior mesenteri 


| 

Adrenal $.8 

Ovarian 
] 8 


Cervical 


Infarctions 10) 
Splenic 12 30.0 
Myocardial 10 25.0 
Pulmonary 8 200 
Renal 7 17.5 
Hepatic 7 


Total cases with thromlx« 


embolisn $8 
Singk 25 12.1 
Multiple 23 17.9 


PrABLE 11.— LOCATION OF TUMOR WITH SINGLE OR MULTIPLE THROMBOEMBOLISM 


M 
Head 
Single 18 Multipl 12 10.0 
Head and Body 
0 Multiple 100.0 
Be dy 
Singlk 0 Multiple 0 
Body and Tail 
Single ? Multipl 66.6 
Tail 
Singk 2 Multiple 60.0 
Diffuse 
Single Multiple 0 0 
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cluded, there is a predominance of 


multiple vascular complications in 


cases in which the body and _ tail of 
the pancreas are involved. 
Discussion. Sproul’s findings on the 
wunber of venous and arterial throm- 
boses in carcinoma of the pancreas 
have been reported'',@In over 4000 
consecutive 


autopsies venous throm- 


boses were found 332 times and carci- 


ioma of various sites of origin was 
present in about one-half of these. 
\rterial thromboses occurred 153 


times. Only a minor number of these 
were associated with carcinoma. How- 
ever, in Sproul’s report carcinoma was 
major finding in cases with pul- 


arterial thromboses. 


This investigator went on to ana- 
yvze the incidence of thromboses in 
ircinoma of various organs. There 
vas a high incidence of thrombosis 


involving any part of 
This was only slightly 
higher than the incidence when the 


carcinoma 
the pancreas 
primary site was in such organs as 
the kidney or liver. However, the inci- 


lence of multiple thromboses was 
uch greater in carcinoma of the 
increas. This was particularly true 


vhen the body or tail of the pancreas 


is involved. Then the incidence rose 
a fraction more than 31% and could 
e compared with an incidence of 
lightly than 1% of multiple 
thromboses in carcinoma of the stom- 
ich. Furthermore, he reported that, 
though showed single 
hrombosis when there was secondary 
ialignancy involving the pancreas, 
me of these 83 patients had multiple 
hromboses. Thus the issue is not the 
idence of single thromboembolism 
t the number of cases showing mul- 
le vascular abnormalities. This par- 
ularly holds for tumor of the body 
| tail of the pancreas. 
The finding of thromboembolism in 
patient with an obscure illness raises 


more 


about 138% 
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the suspicion of malignancy. In this 
record, the discovery or the assumed 
significance of visceral thromboembo- 
lism was not noted. Presumably many 
were missed before death and when 
discovered the diagnosis of visceral 
neoplasm was not frequently suggested 
by their presence. Although theoret- 
ical grounds for the increased _inci- 
dence of thromboembolism in malig- 
nancy and particularly that involving 
the pancreas have been proposed, no 
indisputable basis has been discovered. 
It has been suggested that in carci- 
noma of the pancreas there is an 
accelerating effect on blood coagula- 
tion. 

Recently, Moolten et al. suggested 
that the role of blood platelets in in- 
creasing the tendency to thromboem- 
bolism in malignancy is a predomi- 
nant one®. The total platelet count was 
less important than increased platelet 
adhesiveness. They stated that the 
detection of increased platelet adhe- 
siveness might prove helpful in the 
diagnosis of suspected malignancy. 
Thrombocytosin, which increases 
platelet adhesiveness, is a by-product 
of necrosis within a tumor. In carci- 
noma of the pancreas this enzymatic 
accelerator, along with increased levels 
of pancreatic lipase, may result in the 
development of increased platelet ad- 
hesiveness and “endothelial wetabil- 
itv’. Carcinoma of the body or tail 
of the pancreas may be associated 
with increased thromboembolic phe- 
nomena (multiple thromboses) because 
the appearance of other first symp- 
toms such as might result from ductal 
or pyloro-duodenal obstruction lags 
during the growth of the tumor. The 
morbid process is at least superficially 
slowed and thromboembolism may be 
an original or the most evident mani- 
festation. 

Summary. The records of 157 cases 
of carcinoma of the pancreas have 
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been reviewed. All records were stud- phenomena in carcinoma of the pan- 
ied from the time of admission to the creas deserves re-emphasis. It may, 
hospital until autopsy. Some features 
of the clinical findings are presented. 
These emphasize the value of corre- 
lating clinical and autopsy material. A 
high incidence of thromboembolism is is discussed and reference is made to 


reported. The frequency of vascular the works of others. 


by reflection, aid in the solution of 
some grave diagnostic problems. The 


potential role of platelet adhesiveness 
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From the Department of Medicine, Medical College of Virginia, Richmond, Virginia 


\ppison's disease was formerly con- 
sidered to be of rare occurrence in the 
‘ Lisa, Solomon, and Gor- 
don® reviewed the literature in 1942 
ind could find only 17 cases, to which 
they added 3. Subsequent reports by 
Conn and Mathews*, and by Bergner 
ind Eisenstein', have increased the 
number to 31. Undoubtedly many 
more cases have been seen and not re- 
ported. Most of the recent authors! 


Tace 


have suggested that the disease is 
nuch more common in Negroes than 
has» been supposed. Conn and Ma- 
thews? discussed various reasons for 
the paucity of published reports. It is 
enerally agreed that difficulty in rec- 
ognizing pigmentary changes in the 
Negro causes many cases of Addison’s 
disease to go unrecognized. 

We have recently seen several Negro 
patients with Addison’s disease, who 
presented very striking pigmentary 
hanges. This led us to review the 
ses of Addison’s disease seen at the 
\ledical College of Virginia Hospital 
ver the past 10 vears. Five cases were 
found in Negroes admitted to St. Philip 
ind Dooley Hospitals over this period, 

recognized clinically and 1 diag- 
osed at autopsy. One additional case 


has been seen at the Richmond, Vir- 
ginia, Veterans Administration Hos- 
pital. These 6 cases constitute the sub- 
ject of this report. 


Case Reports. Case 1. H. L., a 34-year-old 
Negress, was admitted to St. Philip Hospital 
on August 28, 1941. She had noticed progres- 
sive weakness for 6 months, with weight loss 
from 230 to 180 pounds. During the past 8 
months her skin color had changed from 
brown to deep black. She had been anorexic 
for 6 weeks and had been vomiting for 2 days 

Examination showed a jet black Negress 
(Fig. 1), still obese but weak. The palms 
showed increased pigmentation along the skin 
creases. The lips, oral mucosa, and tongue 
showed patches of bluish-black pigment. The 
heart sounds were very faint. Blood pressure 
varied from 85/55 to 110/70. The lungs were 
clear. 

Laboratory studies included: urinalysis 
negative; blood counts initially normal, but 
after hydration hemoglobin 9.6 gm. and red 
cells 3,400,000; non-protein nitrogen 40 mg. 
per 100 cc.; fasting blood sugars from 73 mg. 
to 94 mg.; serum chloride 94 mEq/L; CO, 
combining power 36 vol. per cent. Chest 
Roentgen films showed the lungs clear and the 
heart small. An intravenous pyelogram was 
normal. A glucose tolerance test showed a 
moderately flat curve with no fall below 80 
mg. in 5 hours. Skin biopsy from the left 
thigh showed intense melanin pigmentation 
of the epidermis, most marked in the basal 
cell layer. This was indistinguishable from 
normal Negro skin except for the unusual 
amount of pigment. 


This paper was presented in abstract before the American Clinical and Climatological 


\ssociation, November 5, 1951. 
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rUCKER, 
of a salt deprivation 
test, the patient became extremely weak and 
arowsy, vomited, and her blood pressure fell 
to 70/45 


Addison’s disease, and the test was terminated 


On the second day 


Chis was considered diagnostic of 


ihe patient was treated intensively with glu 
solution and DOCA, 
Over 


ose in saline with grad 


val improvement. the next month sh 
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bon 
resulted 
month 


fibrosis, calcification, and heteroplastic 
formation. This was believed to have 
the age ot | 
Chis case has been reported in detail by White 
and Sutton® 

Case 3. H 43-year-old Negro 
janitor, was admitted to St. Philip Hospital 


from the septicemia at 


mal 


on February 22, 1951, in a contused, lethargic 


was regulated with decreasing doses of DOCA, state. He later stated that he had been treated 
with a daily supplement of 20 gm. of salt for “low blood pressure” for about a year 
Weight was stable and blood pressure 110/70 He had been stoking a hot furnace and had 
when she was discharged on October 14, 194] recently become weak and _ sick. He _ stated 

She was followed in the Out-Patient Clini: that his skin had turned very dark 2 years 
for 5 months. The salt supplement was r before, which he attributed to someone 
duced to 10 gm. daily, and DOCA, 5 mg.. poisoning me.” 
was given once a week. She maintained her Temperature was 102.4°, pulse 108, and 

| 
| 
rac. 3 Patient H.L. (Case 1) is on the left. The patient on the right was selected from the 
ward by Patient H.L. as having skin color most closely approximating hers before she 
turned dark. 

weight and blood pressure remained around — blood pressure 88/74. The patient was drowsy 
110/70. She felt stronger but was still unabl ind weak and talked incoherently. The skin 
to work. She was last seen in March, 1942 was very dark, being almost black on the 
It was subsequently learned that she had face and forearms (Fig. 2). The palmar 

oved to another city where she died 2 years creases were deeply pigmented. Patches of 
later bluish-black pigment were present on_ the 

CasE 2. M 22-year-old Negro buccal mucosa, gums palate and dorsum ol 
female infant, was admitted to Dooley Hos- the tongue. Dehydration was marked. Ther 
pital on November 8, 1948, with convulsions was no hair on the trunk, and axillary hait 
which had begun that day. She had been was sparse. The testes were softer than nor 
previously treated at the age of 1 month for mal. A penile scar was present. 
severe enteritis, dehydration, shock, and septi- Initial laboratory data included: urinalysi 


with 


She had apparently 
heen well from that time to the day of admis 


cemia, recovery. 


sion. Examination showed high fever and 
evidence of otitis media. No abnormal skin 
pigmentation was noted. In spite of treat 


ment with penicillin and fluids she lapsed 
into shock and died 30 after 
Autopsy showed most of both 
glands to have been replaced by 


deep hours 


acamission 


adrenal 


negative; blood counts not remarkabk except 
for 5% eosinophils on differential, with a 
absolute eosinophil count of 225 per c.mm 
100 
nitrogen 54 mg.; serum sodium 132 mEq/I 
potassium 5.4 mEq/L, chloride 100 mEq/I 
and CO. combining 
blood \ positive in 1:16 


Spinal fluid was clear 


blood sugar 102 mg. per .; non-proteir 


cent 
titer 
with 14 lymphocytes 


power 65 vol. per 


Wassermann 
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total protein 128 mg., and Wassermann posi- 
tive in 0.3 cc. dilution 

The patient was thought to be in Addiso- 
nian crisis, and also to have syphilis of the 
central nervous system. He was treated with 


} 
giucose in saline solution, aqucous adrenal 


extract, and DOCA. He was also given peni- 
cillin, which was continued for 6 weeks, a 
total of 15 million units being given. Within 
24 hours the blood pressure was normal, and 
the patient was afebrile and ambulatory, 
Ithough still confused. Adrenal extract and 


The patient’s mental status gradually im- 
proved. Three grams of extra salt daily were 
given, and regulation with intramuscular 
DOCA was begun. With DOCA 2 mg. daily, 
blood pressure remained around 110/70, 
weight was constant, and no edema was noted. 
On April 3, six 75-mg. DOCA pellets were 
implanted. The patient was discharged to be 
followed in the Out-Patient Clinic. 

On April 14, 1951, he returned with fever 
of 102° and cough. There were fine basal 
rales, distended neck veins, and some ankle 


Fic. 2.—Patient J.H. (Case 38). 


DOCA were stopped, and further studies of 
drenal function were begun. A water excre- 
n test’ was strongly positive. Urinary 17- 
ketosteroids were 1.7 mg./24 hr. Urinary 
orticosteroids® were 0.09 mg./24 hr. Eosino- 
hils fell only 32%, 4 hours after ACTH, 25 
ig. Insulin tolerance test, 0.05 unit of insu- 
n/kg. body weight being given intraven- 
usly, showed fall in blood sugar from 88 
g. to 40 mg. per 100 cc. in 30 minutes, 
vith rise to only 70 mg. in 2 hours. Chest 
ventgenograms showed old pleural adhesions. 
\bdominal films showed no calcification of 
he adrenals. Skull roentgenogram was _ nor- 
il. Tuberculin skin test (O.T. 1:10,000) 


is positive 


edema. Blood pressure was 130/80. Eosino- 
phil count was 165 per c.mm. Serum electro- 
lvtes were normal. Chest roentgenogram 
showed pulmonary congestion. He was given 
cortisone 200 mg. in 1 day, then 100 mg. 
caily for 2 more days. He was also given 
penicillin and a mercurial diuretic. Fever 
subsided and did not recur. Good diuresis 
occurred, and pulmonary congestion and ankle 
edema disappeared. In a week he was feeling 
very well and was discharged with instruc- 
tions to omit extra salt. 

Edema recurred and blood pressure rose 
te 150/100. On April 30, 3 of the implanted 
DOCA pellets were removed. Edema and 
hypertension of 160/100 persisted, and on 


* Urinary formaldehydogenic corticosteroids were determined by a method similar to that 
f Corcoran and Page. The normal range in this laboratory is 0.3 to 1.0 mg./24 hr. 
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June 20, two of the 3 remaining p llets were 
removed, 

On June 25 the patient was brought to 
the hospital in hypoglycemic coma. Blood 
sugar was 46 mg. and he responded promptly 
to intravenous glucose. He again showed 
ankle edema and hypertension of 160/100. 
Adrenal extract was given for 24 hours. He 
was placed on a low salt intake with frequent 
feedings. Edema subsided but blood pressure 
remained around 140/100. He felt well but 
fasting blood sugars were reported from 40 
Urinary corticosteroids at this 
time were 0.07 mg./24 hr., and 17-ketosteroids 
1.6 mg./24 hr. It was apparent that the 
patient had severe deficiency of the carbo- 
hydrate regulating adrenocortical factor. Oral 
cortisone was begun, at first 25 mg. daily, 


to 66 mg 


later 12.5 mg. daily. No further hypoglycemia 
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sone he felt weak and dizzy but got into no 
serious difficulties. Blood pressure remained 
115/85. He has been subsequently seen and 
put back on cortisone. 

Case 4. A. G., 39-year old Negro male, 
was admitted to St. Philip Hospital on June 
3, 1951. He had been treated 2 years before 
for tuberculous osteochondritis of the right 
second rib. He had not come to the clinic as 
directed and had not been seen since. During 
the past year he had been very weak and 
had lost much weight. In the past 2 weeks 
he had become very short of breath. A cousin 
stated that his skin had turned much darker 
during the past year 

Examination showed a very ill, emaciated 
lethargic Negro whose skin was dry and ex 
tremely dark (Fig. 3). The lips were deeply 


pigme nted, and pate hes of pigment were pres 


Fic. 3.—Patient A.G. (Case 4) is on the right. The patient on the left was selected by Patient 
A.G. as most closely approximating his former skin colo1 


occurred. Also blood pressure gradually d« 
clined to 110/80, and no further edema devel 
oped. Because of the apparent increase in 
severity of his Addison’s disease, it was sus- 
pected that he might have progressive tuber- 
culous destruction of the adrenals. A cours: 
of streptomycin and para-aminosalicylic acid 
was given. Pyelogram showed irregular filling 
of the lower calyces of the right kidney, but 
definite proof of a tuberculous process was not 
obtained. He was discharged on July 21, 
feeling very well, to continue oral cortisone 
6.25 mg. twice daily and to have further 
studies for possible renal tuberculosis in the 
clinic. 

The patient failed to keep his clinic appoint- 
ment and ran out of cortisone. Without corti 


ent on the gums and buccal mucosa. le mper 
ature was 99.4°, blood pressure 70/40. The 


‘chest showed signs of left pleural effusion 


Heart sounds were distant. There was no hair 
on the trunk, and axillary and pubic hair was 
scanty 

Laboratory studies included: urinalysis nega 
tive; hemoglobin 9.0 gm.; erythrocytes 3,960,- 
000; leukocytes 7750, with normal differential 
count, and an absolute eosinophil count of 457 
per c.mm.; serum sodium 116 mEq/L, potas- 
sium 5 mEq/L, chloride 92 mEq/L, and CO. 
combining power 67 vol. per cent non-protein 
nitrogen 44 mg.; fasting blood sugars, 84 and 
60 mg. per 100 cc. Eosinophil count increased 
by 8% 4 hours after ACTH, 25 mg. Urinary 
17-ketosteroids were 1.5 mg./24 hr., and 


- 
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urinary corticosteroids 0.10 mg./24 hr. Re- 
peated sputum smears and cultures were 
negative for tubercle bacilli, as was culture 
f the pleural fluid. Tuberculin skin test was 
trongly positive. Blood Wassermann was 
positive in 1:8 titer. 

The patient was treated with streptomycin, 
para-aminosalicylic acid, penicillin, and cor 
tisone 25 mg. daily. Fever, which had pre- 
viously risen to 102°, promptly subsided, but 
ylood pressure remained around 80/50. DOCA 
nd a daily salt supplement of 3 gm. were 
dded, and blood pressure rose to 100/70. 
Cortisone was subsequently reduced to 12.5 
nig. daily. The patient improved steadily and 
ill signs of pleural fluid disappeared. Subse- 
juent chest films showed the lungs clear. On 
luly 12, cortisone was stopped, DOCA and 


tis. Left orchidectomy and vasal ligation had 
been done following streptomycin treatment. 
Since then he had noticed progressive weak- 
ness and weight loss from 155 to 130 pounds. 
His family doctor had found blood pressures 
from 70/50 to 85/60, and suspected Addison’s 
disease. The patient’s sister stated that his 
skin had turned much darker in the past year. 

Examination showed an_ intensely black 
Negro in no acute distress (Fig. 4). There 
were patches of dark pigment in the palms and 
soles and on the buccal mucosa, gums, and 
hard palate. The left testis had been removed. 
Blood pressure was 80/60. The lungs were 
clear. 

Laboratory data included: urinalysis, a 
trace of albumin and 25 to 30 leukocytes per 
high power field, hemoglobin 9.8 gm.; ery- 


J 


salt being continued. The patient still felt 
well. Intramuscular testosterone propionate 
was given. On July 20, three 75-mg. DOCA 
pellets and four 75-mg. testosterone pellets 
were implanted. Blood pressure and weight 
remained stable. On July 30, the patient was 
transferred to the hospital section of the City 
Home to await entry into a_ tuberculosis 
sanitorium 

He has been followed in the Out-Patient 
Clinic. The Addison’s disease seems fairly 
well controlled. Blood pressure is still low, 
veraging 95/70, but he feels well and is 
gaining weight. A cold abscess of the right 
chest wall has developed. 

Case 5. D. C., 41-year old male Negro 
farmer, was admitted to St. Philip Hospital on 
June 12, 1951. He had been treated 6 months 
before for tuberculous epididymitis and orchi- 


1941. (Right) The same patient in 1951. 


throcytes 3,670,000; leukocytes 5000, with 
normal differential count; eosinophil count 
137 per c.mm.; fasting blood sugar 78 mg. 
per 100 cc.; non-protein nitrogen 39 mg.; 
serum electrolytes normal; chest film nega- 
tive; water excretion test5, strongly positive. 
Eosinophils fell 38% four hours after ACTH, 
25 mg. Urinary 17-ketosteroids were 2.7 
mg./24 hr. Urinary corticosteroids on 4 deter- 
minations were 0.78 mg., 0.69 mg., 0.88 
mg., and 0.50 mg./24 hr., all within the nor- 
mal range. 

The patient was thought to have Addison’s 
disease, but of a relatively mild degree. With 
supplementary salt and testosterone he felt 
very much stronger and gained weight to 138 
pounds, but blood pressure remained around 
90/60. Subsequently two 75 mg. DOCA 
pellets and four 75 mg. testosterone pel- 
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lets wert implanted \ salt supplement of 5 


gm. daily was continued. Blood pressure ros« 
tu 1OO/70. The 
12, 1951. 
He has 
Clinic. He 


tained above 


patient was discharged July 


the Out-Patient 
weight is 


followed in 
we ll, 


bee nh 
fee ls 

140 pounds, but blood pressure 
around 90/60. Additional DOCA 
planned. 


and main 


is still low 
pe llets are 


One subsequent urine culture has been 
reported positive for tubercle bacilli. Cys 
toscopy and retrograde pyelograms are not 
mal. Further studies for genitourinary tract 
tuberculosis are be ing carried out 

Case 6. A. D., 53-year-old Negro male, 


rALIAFERRO, 
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sum 6.5 mEq/L. Water excretion test was 
The diagnosis of Addison’s disease 
was made by Dr. E. P. Buxton, Jr. The patient 
treatment with 
saline solution, and on June 9 he was trans- 
ferred to the Veterans Administration Hos 
pital. 


Examination at this time showed the patient 


positive. 


improved after glucose and 


thin and weak, but conscious and alert. The 


skin generally was of a dark brown color 
with deeper black pigment over the forehead, 
dorsum of the hands, elbows, and knees 


Fig. 5). The oral and nasal mucosa showed 
patches of bluish-black pigment. Blood pres- 


sure was 80/60. Heart sounds were faint. 


was admitted to the Richmond, Virginia Laboratory studies included: urinalysis 

Fic. 5.—Patient A.D. (Case 6) is on the right. Note darker pigment on forehead and on back 

of hand. The patient on the left was selected by the wife of Patient A.D. as most closely 
illustrating his former skin color. 

Veterans Administration Hospital on June 9, negative; hemoglobin 7 gm.; erythrocytes 


1950. A year before he had noticed weakness 
and had been told his blood pressure was 
low. Since then he had lost weight from 180 
to 120 pounds, and had noticed progressive 
darkening of the skin of the face and hands. 
Recently he had weak, 
and had developed nausea and vomiting. 

He had been admitted to the Retreat for 
the Sick Hospital on May 19, 1950, in a 
stuporous condition, showing severe dehydra- 
tion and blood pressure 60/?. Pertinent lab- 
oratory studies were: blood urea 98 mg. per 
100 cc., fasting blood sugars from 59 to 65 
mg.; serum sodium 129 mEq/L, serum potas- 


become extremely 


3,000,000; leukocytes 5950, with differential 
normal except for 5% eosinophils; serum 
sodium 131 mEq/L; postassium 6.5 mEq/L; 
blood Chest film 
intravenous pyelogram were negative. Water 
excretion test§ Urinary 17- 
ketosteroids were 4.1 mg. and 4.2 mg./24 hr.; 
urinary corticosteroids, 0.21 mg. and 0.38 
mg./24 hr. Eosinophil count increased 9% 
four hours after ACTH 25 mg. Glucose toler- 
ance test showed the following blood sugar 


fasting sugar 83 mg. and 


was positive. 


values: fasting 97 mg. per 100 cc.; % hr., 
127 mg.; 1 hr., 115 mg.: 2 hr., 104 mg.; 


3 hr., 86 mg.; 4 hr., 53 mg.; 5 hr., 60 mg.; 
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6 hr., 65 mg. Tuberculin skin test (O. T. 
1:10,000) was positive. 

At first the patient was given supplemen- 
tary salt and extra night feedings. Because 
he felt well, salt was withheld for 2 days. 
By the second day he was in Addisonian 
crisis, requiring vigorous treatment with glu- 
cose in saline solution, adrenal extract, and 
DOCA. He was subsequently regulated with 
DOCA 2 mg. daily and a salt supplement of 

gm. daily. On September 22, four 125-mg. 
DOCA pellets were implanted. He was dis- 
charged on October 10, 1950. 

He was readmitted on January 15, 1951. 
He had felt fairly well, but was still weak 
nd unable to work. Blood pressure was 
8/70, his weight 141 pounds, and his pig- 
mentation unchanged. Four more 125-mg 
DOCA pellets were implanted. He was dis- 
harged on February 16 

Che patient now felt stronger but began 
to have severe cramps in the legs. He was 
dmitted again on June 23, 1951, weighing 
148 pounds. Blood pressure was 110/85. 
There Was no edema OI pulmonary conges- 
tion. Hemoglobin was now 12.8 gm. Serum 
electrolytes were normal. Blood urea_ nitro- 
gen was 14 mg. It was thought that the 
muscle cramps were caused by DOCA over- 
dosage. Salt was withlield and _ potassium 
cetate given without improvement. Oral 
cortisone 6.25 mg. was given every 6 hours 
with prompt relief of muscle cramps. Two 
of the last implanted DOCA pellets were 
emoved. When cortisone was stopped, mus- 
le cramps promptly returned. Cortisone was 
esumed and a dosage of 6.25 mg. orally 
wice a day was found to keep him free of 
liscomfort. On this program he felt better 
than at any time since the onset of his illness. 
He was discharged October 5, 1951, to con- 
tinue cortisone, feeling well enough to return 
to work. The black pigment on the forehead 
ind hands has markedly faded since corti- 

ne was begun. 


Discussion. During the 
10-year period from June 30, 1941, to 
lune 30, 1951, 5 cases of Addison’s 
disease were seen out of 60,003 Negro 
patients admitted to St. Philip and 
Dooley Hospitals. This would indicate 
in incidence of 1 case per 12,000 ad- 
missions in Negroes. During the same 
period 10 cases of Addison’s disease 
have been seen in 94,106 white pa- 
tients admitted to the Medical Col- 
ege of Virginia Hospital. The inci- 


dence in white patients would appear 
to be approximately 1 per 9,400 ad- 
missions. These figures have little sta- 
tistical significance in themselves, but 
when they are added to similar obser- 
vations by Conn and Mathews’, and 
by Bergner and Eisenstein', it does 
appear that Addison’s disease occurs 
about as frequently in the Negro as 
in the white race. 

Eriotocy. All but one of the pre- 
viously reported cases of Addison's 
disease in Negroes have been caused 
by tuberculosis'. In our 6 patients, 
tuberculosis is known to be present in 
2 (Cases 4 and 5) and is strongly sus- 
pected in a third (Case 3). In Case 2, 
adrenal! fibrosis and calcification were 
thought to have resulted from hemor- 
rhagic destruction of the glands at the 
time of a previous septicemia. In 
Cases 1 and 6, the etiology has not 
been determined, the patient in Case 1 
having died elsewhere, and the pa- 
tient in Case 6 being still under treat- 
ment. 

CLinicaAL FEATURES: PIGMENTATION. 
The clinical features of Addison’s dis- 
ease in the Negro differ in no way from 
those seen in white patients. Only the 
pigmentation deserves special com- 
ment. Pigmentary changes may be 
quite striking, but are frequently over- 
looked in a race where normal pig- 
ment may vary so widely. 

Of 27 patients adequately described 
in the literature, 21 were specifically 
stated to have had increased skin 
pigmentation. In some the skin was 
apparently quite black all over, but 
usually the pigmentation was most in- 
tense over the face, dorsum of the 
hands and feet, elbows, and knees. 
The color has been described as 
“ebony” or “jet black”® in many cases, 
and in others as a very dark brown. 
The palms usually showed increased 
pigmentation of the skin creases and 
occasionally patches of pigment. 
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Patches of bluish-black pigmentation 
on the buccal mucosa, hard palate, and 
gums were almost universally present. 
These of course occur frequently in 
normal Negroes. Conn and Mathews? 
commented on pigmentation of the 
dorsum of the tongue, which is rarely 
seen in normal Negroes. 

Our cases illustrate all of these pig- 
mentary changes. Admittedly the se- 
lection of other patients to illustrate 
for photographic purposes the former 
color of these patients is of dubious 
accuracy, and the use of earlier photo- 
graphs is not much better because of 
variations in exposure technique. How- 
ever, there be little doubt. that 
these patients have had a definite in- 

pigment. The patients in 
and 5 were almost totally 
black. Negroes this dark are rare in 
our community. Case 6 illustrates the 
pigmentation of the 
forehead and dorsum of the hands. All 
of our patients except the 24-year-old 
infant (Case 2) showed various degrees 
of pigmentation of the oral mucosa 
and gums. Two patients showed pig- 
mentation on the the 
tongue. 


Can 
crease in 


Cases ] 


more common 


dorsum of 


It must be emphasized that none of 


these pigmentary changes is specific 


for Addison’s disease. Every type of 
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pigmentation described above may 
occur in normal Negroes. The changes 
produced by Addison’s disease appear 
to be an melanin 
pigmentation along a pattern that is 
inherent in the race. The changes are 
quantitative rather than qualitative. 
The most significant clinical point is 


intensification of 


the history of deepening pigmentation. 
It is noteworthy that darkening of the 
skin apparently antedated other symp- 
toms of Addison’s disease in 3 of the 
patients here presented. 

After there 
was a striking decrease in pigmenta- 
tion in Case 6. At the end of 3 months 
on cortisone almost no black pigment 
remained on the forehead and hands. 
Two other patients received cortisone 


cortisone was begun, 


for such short periods that no such 
observations could be made. 

Summary. 1. Six cases of Addison's 
disease in Negroes are presented. The 
diagnosis was made clinically in 5 and 
at autopsy in 1. 

2. Statistical data are 
which suggest that Addison’s disease 
is about as common in the Negro as in 
the white race. 


discussed 


3. Pigmentary changes occurring with 
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Tue over-all prevalence of rheumatic 
fever in the United States is unknown. 
partly because it is difficult to measure. 
It is not a reportable disease in most 
states and even if it were, difficulties 
of correct diagnosis would tend to 
make reporting inaccurate. By contrast, 
rheumatic heart disease with its at- 
tendant valvular lesions can be recog- 
nized by cardiac examination. For this 
reason the examination of groups of 
children has been utilized to measure 
the prevalence of rheumatic heart dis- 
ease in communities and selected 
groups of children. These studies are 
growing in number, yet in the major- 
ity of the states there has been no 
survey work. 

Trends in morbidity rates due to 
rheumatic fever and mortality rates 
due to rheumatic heart disease are 
likewise difficult to visualize. On the 
basis of reports by Glover' and 
Knowledon® in England, and Wolff? in 
the United States, it appears that 
rheumatic fever and mortality due to 
rheumatic heart disease, are on the 
lecline in both countries. Glover stated 
21 vears ago that rheumatic fever was 
in obsolescent disease, and 16 years 
later furnished evidence that the de- 
line in prevalence of rheumatic fever 
in England was actual!. 

Two recent mortality studies in Con- 
iecticut by Haenszel? and the Quinns*® 


have noted a similar decline in death 
rates due to rheumatic heart disease. 
In spite of evidence that rheumatic 
fever and mortality rates due to rheu- 
matic heart disease are declining, rheu- 
matic heart disease remains a_ public 
health problem of prime importance. 
In children and young adults, rheu- 
matic heart disease ranks with tuber- 
culosis as the major cause of death. In 
adults, rheumatic heart disease follows 
arteriosclerotic and hypertensive heart 
disease as a cause of death due to 
heart disease. The medical wards of 
most general hospitals, regardless of 
geographic location, are seldom with- 
out patients with rheumatic heart 
disease. 

It is the purpose of this paper to 
report a study on the prevalence of 
rheumatic heart disease in seventh 
grade school children in Madison, 
Wisconsin. The relation of crowding 
in the home to prevalence was also de- 
termined. These results are docu- 
mented in the hope that they may be 
of some value for measuring and com- 
naring morbidity rates in the future, 
both in Madison and elsewhere. 


Clinical Material and Methods. Descrip- 
TION OF MAapison, Wisconsin. Madison, the 
capital of Wisconsin and county seat of Dane 
County, is located in the south central section 
of the state, 1385 miles northwest of Chicago. 
The city is built on a narrow isthmus of land 
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between Lakes Monona and Mendota. It lies 
845 teet above sea level at latitude 43°8'N 


rainfall 
iverage winter snowfall is 37.8 


50-year average) is 32 


The inmual 


nches Che 


nches. The mean summer temperature is 
69.7°F. The mean winter temperature is 
19.5°F. Meteorologically, Madison has a short- 


summer tvpe The 


of temperate zone climate 


death rate was 6.1 per 1,000 in 1950. In the 
same year the birth rate was 23.8 per 1,000 
The 1950 census figures are 95.594. In 1946 
the population make-up was 90.1% American 
born, 1.3% British, 2.1% German, 2.6% Scandi 
naviat 1% Italian born. New dwelling 
units, built in the 10-year period 1940 to 
1950, numbered 4,282. Estimating 4 persons 
per unit, this number would house 17,128 
The population increased 27,000, an indica- 
tion of the housing shortage in Madison 
similar to most U. S. cities. The water supply 
s furnished from 12 deep wells. Sewag: 
lisposal 1S by means of 1 modern disposal 
plant. More than 110 plants manufacturing 
t wide variety of goods employed 8.000 in 
146 lemonstrating that the city is not 
fundamentally industrial in nature. It is pri 


idential, with perhaps fewer areas 


substandard housing than in industrial 
ities of comparable size. The general cul- 
tural and business life of the city 1S greatly 
influenced by 2 factors. Madison is the capital 
ity of the state and the site of the University 
f Wisconsin. The surrounding county. Dane 


County, is iefly concerned with dairving 
nd is one of the largest milk producers of 
iny county in the United States. 


MetnHops. A. Organization. The purpose of 
the study was explained to the nursing per 
sonnel of the Public Health Department and 
the Superintendent of Schools of the City of 
Madison \ mimeographed letter signed by 
the Health ¢ C.K.) of the City 
of Madison was sent to the parents of each 
child This letter 


purpose Oot the 


nmissioner 
explained the nature and 
study and requested permis 
the child or No 
child was examined unless written permission 
was obtained from one of the parents. 

B. Children. An attempt was made to ex 
umine all of the seventh-grade school chil 
ittending — the parochial 
schools in the City of the 991 
hildren the grade in 17 
Madison 893 interviewed and 
examined by the examining physician | R.Q.). 
Sex distribution of the children examined re- 
vealed: Males 440 (49.38%) and females 453 
50.7% There were 8 Negro children: the 
remaining 885 were white. Nationality back- 


sion to examine children 


dren public and 
Madison. Of 
seventh 


were 


ittending 


schools 
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grounds were not determined. The mean age 


of the 


years. 


children of the study group was 12 


C. Interviewing and Examining Tech 


niques: The nurse’s room in the school, an 
empty classroom, or corner of the gym 
nasium was the usual place of examination 
interview Identifying information and 
the past personal or family history of rheu 
matic fever, chorea, or rheumatic heart dis 
ease were recorded by the public health 


hild 


past o1 


nurse. If a gave an affirmative answer 
family history of rheumatic 
fever or chorea he 
detail by the 
If they 


obtained fron 


tor i 


was questhone d in greater 
invited 
data 
1 small number of 


ible to be 


physician. Parents were 


were present ustoric il 


1 them. Only 
ipproximately 40, 


were 


parents was 


present 


The children were undressed to the waist 
for the examination. Gowns were provided 
for the girls. Screens enclosed the examining 
table to ensure privacy The physic il ex 
mination was confined to the cardiovascular 
svstem. The children were examined first in 
the standing position. The point of maximum 


was palpated the presence o1 
thrill The 


stethoscope was pl iced first 


impulse 


ibsence of a determined dia 


phragm of the 


it the 2nd right interspace along the right 
sternal border, then in the 2nd left inter 
space ilong the left sternal border ind then 
it several locations descending along the 
left sternal border to the 4th left interspace 


Next, the bell of the 


was placed on the 


then toward the ipex 


stethoscope ipex at the 


point of maximum impulse. Careful auscul 
tation was performed in each of these loca 
tions. The observations were repeated with 


the child 
point of 


The 


de 


lving on an ex mining table 


maximum impulse was 


termined and measured. The wscultatory 


ce ribed 


maneuvers were performed. The 
findings were listed and, when possible, an 
impression was also recorded immediately 


following examination. 


Examinations were begun on 


Nove mbe I 


6, 1950 and completed on December 15 
1950 

Dracnostic Crirerta. Past History of 
Rheumatic Fever. When there was a history 
of rheumatic fever, further data could. in 


health 


nurse 


almost all cases, be furnished from 
kept by the health 
based on information supplied by the child’s 
Usually the child’s state 
ment could be confirmed or discounted with 
reasonable accuracy. When there was doubt 
the child’s parents were contacted and further 


TEC ords 


public 


family physician 
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data obtained to establish the history of rheu 
natic fever as positive, negative, or doubt 
ful. Unless there was clear evidence of past 
rheumatic fever, it was not recorded as such. 
Family History of Rheumatic Fever. The 
history (confirmed when possible by the 
child’s parents) of rheumatic fever, in either 
parent or siblings, was recorded as “positive.” 
Normal Heart. When the heart sounds 
vere normal without murmurs or evidence of 
enlargement, unusual arrhythmia, or other 
diac abnormalities, the child was classified 
is having a normal heart 
Unexplained or Functional Murmur. These 
nurmurs were soft, grade 1 or 2, systolic 
n time, and were located most frequently 
it the base of the precordium in the 2nd left 
nterspace along the left sternal border. Ap 
proximately 85% of the so-called unexplained 
urmurs were heard in this location. They 
vere heard next most frequently medial to 
the apex and least frequently along the left 
ternal border in the interspace. 
nurmurs were not accentuated by exercise 
change in position, and frequently became 
naudible on changing position. They varied 
vith respiration, that is, tended to becom 
fainter on inspiration and were not trans 


iitted. The second pulmonic sound was not 
centuated 

The “apical” murmurs had none of the 
aracteristics of murmurs usually associated 
vith mitral insufficiency, although it is real- 


} 


d that these innocuous-sounding so-called 
functional murmurs are occasionally heard in 
vatients with mitral insufficiency. 

Congenital Heart Disease. It is not always 
possible to establish an anatomical diagnosis 
f congenital heart disease on the basis of 
mms ind However, when the 


1urmur and physical findings were charac- 
eristic. this diagnosis was made. 

Possible Congenital Heart Disease. When 
e cardiac findings were strongly suggestive 


but not absolutely characteristic of congeni- 
tal heart disease, the term, “Possible Con- 
renital Heart Disease.” was applied. Oc- 
isionally it was extremely difficult to decide 
vhether a murmur was a so-called “unex- 
lained murmur” or was associated with a 
ngenital cardiac lesion. A few were clas- 
fied “Possible Congenital Heart Disease,” 
he rest “Unexplained Murmurs.” 

Mitral Insufficiency. This diagnosis was 
1ade when a moderately loud to very loud 
grade 3 or louder) high-pitched, early sys- 
lic murmur was heard at the apex and 
ransmitted toward or into the axilla. The 
econd pulmonic sound was always louder 
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than the aortic second sound and it was 
often accentuated. Exercise increased the in- 
tensity of the murmur and it was usually 
heard best with the patient in the left re- 
cumbent position. Occasionally a thrill was 
felt at the apex. The presence of cardiac 
enlargement was not required to establish 
the impression of mitral insufficiency. 

Mitral Stenosis. The findings required for 
the diagnosis of mitral stenosis were a grade 
2 to 4, soft to moderately loud, low-pitched, 
rumbling, presystolic murmur heard at the 
apex with or without a mid diastolic com- 
ponent. These murmurs were heard best 
through the bell of the stethoscope. The 
second pulmonic sound was accentuated. 
Often a thrill could be felt at the apex. Ex- 
ercise increased the intensity of the mur- 
mur. When the presystolic rumble was 
blended into the first sound, or the first sound 
was “buried” in the rumble and a systolic 
murmur with the characteristics described 
under mitral insufficiency followed immedi- 
itelv. the diagnosis of “Mitral Stenosis and 
Insufficiency” was made. 

Rheumatic Heart Disease and Congenital 
Heart Disease. In children, when clear-cut 
findings of both rheumatic valvular lesions 
ind congenital cardiac defects were demon- 
strated, the diagnosis of “Rheumatic and 
Congenital Heart Disease” was made. 

Possible Rheumatic Heart Disease. Oc- 
casionally systolic apical murmurs were heard 
in children without a past history of rheu- 
matic fever which were strongly suggestive 
but not diagnostic of valvular heart disease 
These murmurs could not be classified with 
certainty as either functional or organic, yet 
they suggested the latter type more strongly 
than the former. Children with murmurs of 
this type were listed as having “Possible 
Rheumatic Heart Disease.” It is this type of 
murmur located at the apex which is ex- 
tremely difficult to classify. If they are all 
classified as functional or unexplained, many 
would undoubtedly be classified incorrectly. 
Likewise, if thev are all called organic many 
incorrect diagnoses of valvular heart disease 
would be made. It was impossible, under the 
conditions of the survey examinations, to be 
certain of the significance of these murmurs 
Even under ideal conditions with the aid of 
electrocardiography orthodiascopy, Roent- 
gen-ray and fluoroscopy, it is not always pos- 
sible to be sure of the diagnosis of valvular 
heart disease in some _ patients. For this 
reason children with this type of murmur 
were listed as having “possible rheumatic 
heart disease.” In this category possibly 
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there were children with valvular heart dis 
ease and some with true so-called unex- 


plained or functional murmurs, but by plac- 


ng all these children in this category it is 
hoped that errors of omission have balanced 
errors of commission. 


the Home. Two different 


crowding in the home were em 


Crowding in 


criteria for 


ployed: | than one person per room; 


more 


2) more than | > persons per room 


rABLE 1.—RESULTS OF CARDIAC 


EXAMINATIONS OF 898 SEVENTH 
SCHOOL CHILDREN OF 
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matic heart disease group, the rate 
then becomes 2.8%. As a result of a 


report sent home to the parents of the 
children examined and home visits by 
the public health nurses, most of the 
children classified as having congenital 
heart disease, possible congenital heart 
disease, rheumatic heart disease, pos- 
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Numlbe r 

of of Total No 

Impression Children if Children 
Normal Cardiovascular System 491 34.9 
Unexplained Murmur 317 55 
Congenital Heart Disease + 0.4 
Possible Congenital Heart Disease 20 
Potential Rheumatic Heart Disease 14 1.6 
Possible Rheumatic Heart Disease 22 2.5 
Rheumatic Heart Disease 

Rheumatic and Congenital Heart 

Disease 5 7 
Totals 898 100.0 


Results. The data obtained by exam- 
ination are tabulated in Table 1. Of 
the 893 children examined, 491 (54.9€ ) 
were classified as normal, that is, had 
317 


had unexplained (functional 


normal cardiovascular systems; 
35.59 
children 


(0.4%) were thought to have congeni- 


or physiologic) murmurs; 4 


tal heart disease: 20 (2.2%) were classi- 
fied as having possible congenital heart 
disease; 14 (1.6%) had potential rheu- 
matic heart disease, that is, gave a his- 
tory of having had rheumatic fever 
but at the time of examination had no 
evidence of valvular heart disease, and 


22 (2.5%) had possible rheumatic heart 
disease. Twenty children (2.2%) had 
evidence of valvular heart disease: 
they were classified as having rheu- 
matic heart disease. The rheumatic 
heart disease rate, therefore, in this 


group of children at this time was 2.2%. 
If the 5 children who were thought to 
have both rheumatic and congenital 
heart disease are added to the rheu- 


sible rheumatic heart disease, and con 
genital rheumatic heart 
were promptly seen and examined by 
their family physicians or referred by 
the family physician to a pediatrician 


and disease 


or cardiologist for more complete ex- 
amination than could be given under 
the conditions of the survey. The fact. 
that in the majority of cases the im- 
pression of the survey physician agreed 
with the diagnosis of the pediatrician 
or cardiologist, would suggest a high 
percentage of agreement between the 
impression and The ana- 
tomical diagnoses of the valvular de- 
fects of the 20 children classified 
having rheumatic heart are 
shown in Table 2. There were 11 chil- 
dren with mitral insufficiency, 7 with 
mitral and 2 with mitral 
stenosis and insufficiency. No diag- 
noses of aortic insufficiency were made. 

Correlation of the clinical impression 
with the past history of rheumatic 
fever, chorea, and possible rheumatic 


diagnosis. 


as 
disease 


stenosis, 
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fever is shown in Table 3. Twelve chil- 
dren gave the history of having had 
rheumatic fever. Of these, 10 now have 
valvular heart disease and 2 were be- 
lieved to have a normal cardiovascular 
system. One who had chorea now has 
valvular heart disease. Of 6 who gave 
a history suggestive but not diagnostic 
of rheumatic fever, 2 have valvular 
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The housing status in relation to 
crowding in the home of the rheu- 
matic and non-rheumatic children was 
determined and is shown in Figure 1. 
Of the 34 rheumatic children (children 
with rheumatic heart disease or a his- 
tory of rheumatic fever) 8% lived in 
homes with 1.5 or more persons per 
room, 18% in homes with 1 or more 


PABLE 2.- VALVULAR DEFECTS OF 20 CHILDREN WITH RHEUMATIC 
HEART DISEASE 


I mpre 


Mitral Insufficiency 
Mitral Stenosis 


Mitral Stenosis and Insufficiency 


PABLE 3. PAST HISTORY OF RHEUMATI( 


No of 

Cases 
1] 55.0 
7 35.0 
2 10.0 


FEVER, CHOREA, POSSIBLE RHEUMATIC 


FEVER OR NO RHEUMATIC FEVER CORRELATED WITH PRESENCE OR ABSENCE 


OF RHEUMATIC HEART DISEASE 


Rheumatic 
Fever 
Past History — 
No. 
Rheumatic Heart Disease 10 0 


Normal Heart 2 


rheumatic) heart disease and 4 do 
not. A total of 13 (52%) of the 25 chil- 
dren with rheumatic heart disease gave 
a past history of rheumatic fever, 
chorea, or possible rheumatic fever. In 
12 (48%) with rheumatic heart disease, 
a history of rheumatic fever, chorea, 
or possible rheumatic fever could not 
be elicited. 

As in previous studies, a high fam- 
ilial incidence of rheumatic fever was 
noted. The family history was positive 
in 8 of 39 children (20.5%) with rheu- 
matic heart disease, rheumatic and 
congenital heart disease, or the past 
history of rheumatic fever (potential 
rheumatic heart disease). Of the chil- 
dren classified as normal by the 
methods employed, 47 (5.6%) had a 
positive family history. 


Possible No Known 
Rheumatic Rheumatic 
Chorea Fever Fever 
No. No. No. 
l $ 2 8 12 48 
4 


persons per room, and the remainder 
(74%) lived in non-crowded homes. Of 
the non-rheumatic children, 6% lived 
in homes with 1.5 or more persons per 
room, 26% in homes with one or more 
persons per room, and the rest (68%) 
in non-crowded homes. These results 
give the impression that crowding did 
not characterize the homes of the rheu- 
matic children as often as the non- 
rheumatic children, although the dif- 
ference between the two is not sig- 
nificant. It should be noted, also, that 
the number of rheumatic children is so 
small that comparison with the much 
larger number of non-rheumatic chil- 
dren is hazardous. 

Next, the rheumatic and non-rheu- 
matic groups of children were con- 
sidered, and the per cent who lived in 
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crowded and non-crowded homes cal- 
culated (Fic. 2). This figure 
that of the 497 children who lived in 
non-crowded homes, that 
with less than 1 person per room, 4.7% 
and 95.3% were non- 


Of the 220 children living 


shows 


is, homes 


were rheumatic 


rheumatic 


190 
50 
4 
10 
30 
20 
| 18% 
| 
10 | 


Fic. ] 


Housing 


non-rheumatic children (right column 


in homes with 1 or more persons per 
room, 3.2% were rheumatic and 96.8% 
non-rheumatic. Of the 54 chil- 
dren living in homes with 1.5 or more 
persons per room, 5.6% were rheumatic 
and 94.4% were non-rheumatic. These 
figures seem to indicate that crowded 
homes in Madison in 1950 are no more 
likely to house rheumatic children than 
are non-crowded homes. 


were 


status in regard to crowding in the home of rheumatic 
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There were no significant differences 
the heart 


rates found in children from any of the 


between rheumatic disease 
17 schools. In 2 of the 3 largest schools, 
East High School and Central High 
School, the the 


family and the average number living 


average number in 


THAN 1.0 
PERSON PER 
ROOM, 

> 4 
TO 1.8 
PERSONS PER 
ROOM. 
| 
| | 
| 264 | 1.5 OR MORE 
PERSONS PER 
| ROOM. 
| 


and 


left 
children 


column 
ot 


Figures at left, percentage 
in the homes of the children examined 
was considerably greater than for chil- 

the L5 


was more crowding, on the average, in 


dren in other schools. There 


the homes of the children from these 
two schools. However, the prevalence 
of rheumatic heart disease was not in- 
when 


creased in these high schools 


compared with other schools. 


| 
El 
| 
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Discussion. As long as there are 
clinicians there will be differences of 
opinion regarding the interpretation of 
cardiac murmurs. Keeping in mind that 
it is impossible to achieve 100% accu- 
racy in this type of examination, the 
results of this study indicate that the 


100 
25 
20 
15 
10 
5 
RHEUMATIC CHILDREN 
Kic. 2.—Percentage 


RHEUMATIC 
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in the town of Dublin, Georgia, in 
1945! and over 4 times as high as that 
reported in Dade County, Florida’. 
These findings are in keeping with the 
general belief that the prevalence of 
rheumatic fever and rheumatic heart 
disease is higher in the northern than 


NON-RHEUMATIC 
CHILDREN 


TZ. 


of rheumatic and non-rheumatic children living in crowded and non- 


rowded homes. Column at left, less than 1.0' person per room; center column, 1.0 to 1.5 persons 
per room; column at right, 1.5 or more persons per room. 


2.2%) of 


(2.2% rheumatic heart 
disease and rheumatic fever in seventh 
grade school children in Madison, Wis- 
consin, in 1950 is about the same as 
that observed by the same examiner in 
i group of urban children of a similar 
(2.45%) in 4 Connecticut 
Ansonia, Bridgeport, Hartford 
and Waterbury )*. The rate, 2.2%, was 
slightly more than twice that observed 
in fifth, sixth, seventh, and eighth 
grade white and Negro children living 


prevalence 


ige group 


cities 


in the southern sections of the United 
States. Rheumatic heart disease rates 
for Madison are as high as any re- 
ported from various areas of North 
America. 

Crowding in the home did not ap- 
pear to influence the prevalence of 
rheumatic heart disease in Madison. In 
this regard the findings are at variance 
with those in a primarily residential 
city, Milford, Connecticut, where hous- 
ing was predominantly good; but 


LU 
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crowding, where it existed, was 
thought to exert a significant effect on 
the prevalence of rheumatic heart dis- 
ease®. However, in 3 other industrial 
Connecticut cities (Ansonia, Derby, 
and Shelton) where poor housing con- 
ditions and crowding were unusually 
common, both of these factors seemed 
to have some relationship to the very 
high rheumatic heart disease rate of 
6%. In the Connecticut cities 41.3% of 
the rheumatic children and 31.4% of 
the non-rheumatic children lived in 
homes with more than 1 person per 
room. These percentages are somewhat 
higher than those found in Madison in 
1950, where 18% of the rheumatic chil- 
dren and 26% of the non-rheumatic 
children lived in homes with more 
than 1 person per room. 

The close relationship between the 
epidemiology of respiratory infections 
due to the beta hemolytic streptococ- 
cus and rheumatic fever is well known. 
In addition, it is an old clinical obser- 
vation that rheumatic fever is almost 
always preceded by a respiratory in- 
fection due to the beta hemolytic strep- 
tococcus. Crowding in the home is 
only one of many factors which might 
influence the frequency of acute res- 
piratory infections due to the beta 
hemolytic streptococcus. Of more spe- 
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cific importance may be crowding in 
the bedroom or bed. The opportuni- 
ties for all children in Madison to 
acquire a beta hemolytic streptococcal 
infection in school rooms, buses or 
theaters are probably about equal, re- 
gardless of the home environment. 

Summary. 1. In Madison, Wisconsin, 
893 seventh grade school children were 
interviewed and examined to deter- 
mine the incidence of rheumatic heart 
disease in this group of children. 

2. The rheumatic heart disease rate 
was found to be 2.2%. If 5 children who 
were thought to have both rheumatic 
and congenital heart disease are in- 
cluded, the rate becomes 2.8%. These 
findings would seem to indicate that 
the prevalence of rheumatic heart dis- 
ease in Madison school children at this 
time is as high as that reported for 
children of similar age from any other 
section of the United States. 

3. Crowding in the home did not 
appear to influence the prevalence of 
rheumatic heart disease. A_ significant 
difference was not observed between 
the numbers of rheumatic and non- 
rheumatie children who lived in 
crowded homes. 

1. A high familial incidence of rheu- 
matic heart disease was noted. 
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UPTAKE IN TREATED HYPERTHYROIDISM ® 


By FRANz K. Bauer, M.D. 
CHIEF, CLINICAL RADIOISOTOPE SECTION 


From the Radioisotope Unit, Wadsworth General Hospital, 


Veterans Administration Center, Los Angeles) 


Wirn the introduction of sensitive 
gamma ray detectors, notably the scin- 
tillation counter*, and the administra- 
tion of doses as small as 1 microcurie 


mec.) of yy; orally’, it has become 
possible to repeat diagnostic tracer 
studies several times without hazard 


to the patient 

The this report is to 
stress the important diagnostic infor- 
mation which may be obtained by 
repeated uptake readings within the 
first 24 hours, particularly by uptake 
studies 3 and 6 hours after adminis- 
tration of the tracer dose. 


purpose of 


Method and Material. The instrumentation 
nd technique have been described in detail 
Doses of 1 or 2 mec. of carrier- 
;; Were administered intravenously or 
Uptake determinations were performed 
it 30 minutes, | 


Ise where 
free I, 
orally 


hour, 3 hours, 6 hours, 24 


hours, and 48 hours after the administration 
of the diagnostic tracer dose. 
Sixty hyperthyroid patients were studied 


| hirty-two of them were treated in this hos- 
pital with therapeutic doses of I,3,, 6 by 
peration, 4 with thiourea derivatives, and 1 
Most of the 
patients treated by operation or I,,, had taken 
thiourea drugs or Lugol’s solution at one time 


solely with Lugol's solution. 


course of their disease. The 
remainder of the patients studied, but not 
treated gave a history of unequivocal 
hyperthyroidism in the past and were in the 
hospital for unrelated conditions at the time 
tracer studies were performed. Of these 17 
patients, one had been treated with I), 
elsewhere and the others had been thyroidec- 
tomized following preparation with Lugol’s 
solution and thiourea drugs. 


or other in the 


he r¢ 


Results. NorMAL Supyects. It became 
apparent in the beginning of the study 
that the oral route of administration 
could be substituted tor the intrave- 
nous route. The subjects were given a 
light breakfast. Twenty-seven healthy 
controls were given 1 or 2 mcc. of 
carrier-free 1,3, intravenously. The 
same amount of I,3; was given to the 
same individuals several weeks later 
orally and no appreciable difference 
was found in the 3, 6, 24, and 48-hour 
pick-up values between the 2 routes 
of administration. 

The shaded area in Fig. 1 demon- 
strates the observed range of the up- 
takes in 88 healthy controls (43 were 


given intravenous doses and 45 oral 
doses) plotted on semilogarithmic 
paper. 


HyprerrHyrow Patients. Rapid ac- 
cumulation of I,;; by the thyroid gland 
could be demonstrated in all untreated 
patients, regardless of the total amount 
of I,,; accumulated by the thyroid. It 
was found in all of our patients that 
more than 2/3 of the total I,,,; accumu- 
lated in 24 hours was present in the 
gland within 6 hours. In the controls 
the 6 hour to 24 hour ratio was 62.2% 
+ 9.6. 

Hyperthyroid patients treated in this 
hospital were followed clinically and 
by repeated tracer studies, protein 
bound iodine, basal metabolic rate. 
and serum cholesterol determinations. 


° Reviewed in the Veterans Administration and published with the approval of the Chief 
Medical Director. The statements and conclusions of the author are the result of his own 
study and do not necessarily reflect the opinion or policy of the Veterans Administration. 
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It became apparent that with clinical 
improvement, drop in protein bound 


iodine and basal metabolic rate, and 


rise in serum cholesterol, the maximum 
of 1,3; picked up by the thy 
roid returned to normal. However, thu 
of accumulation by the thyroid 


amount 


rate 


PRI 


ATED HYPERTHY ROLDISM 


Case Reports. Case 1. L. P. GH 18542, is 


33-year old white man with moderately 
evere Graves disease. In September, 1950 
the protein-bound iodine was 11.3 micrograms 
meg.) per LOO cc., the basal metabolic rat 
plus 1%, and the serum cholesterol 142 mg 
per LOO cc. (Fig. 2). The solid line and upper 


interrupted line demonstrate thyroid pick-uy 


Uplake 


Fic. ] 


remained rapid. As a matter of fact, 
even with complete clinical and lab- 
oratory evidence of remission the 


amount accumulated by the thyroid 
in 6 hours was in excess of 2/3 of the 
total 24-hour uptake. 


Some illustrative cases follow: 


Range of I,,, uptake in 88 healthy controls at 1, 3, 6, 24, 


und 48 hours 


weeks 


maximum 


of 2 tracer doses 


apart botl 
uptake in 6 
hours. The patient was treated on September 


instances showing 


21, 1950, with 4.25 millicuries of I,,, (7000 
r.e.p. per gram of thyroid tissue). In May 
1951, he was clinically well and working as 
an aircraft mechanic. The lower interrupted 


line represents a tracer study after therapy 


Protein-bound iodine was 5.8 mcg. per 100 c« 
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basal metabolic rate plus 14%, and serum 
cholesterol 232 mg. per 100 cc. (The basal 
metabolic rate may represent a_ laboratory 
error: Again the maximum uptake’ was 
reached in 6 hours 


CASE Z. ( B.. GH 23201, is a 30-year old 
white man with severe Graves’ disease. Pro- 


1.1 meg., basal metabolic rate minus 19%, and 
cholesterol 280 mg. On October 3, 1951, the 
patient was clinically euthyroid, the basal 
metabolic rate was minus 14%, and serum 
cholesterol 280 mg. Note rapid rate of uptake 
with total amount taken up within normal 
range 
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10 Ryperthyroidiem 

9 1,3) treated 

84 

7 PBi Bhi Cholestero} r 

6 9-12-50 11.37% 142 me 

118 mg Esters 
5 
| 190 mg Esters 

44 

2 5 

i 

6 24 48 


Hours 


uptake in hyperthyroid patient (Case 1), showing initial tracer dose, therapeutic 


dose, and subsequent tracer dose. 


tein bound-iodine was 8.3 mcg. per 100 cc., 
isal metabolic rate plus 57%, and serum 
holesterol 90 mg. per 100 cc. at the time 

the first tracer study on March 18, 1951 
Fig. 3). The patient was treated with 8.23 
131 0n March 23, 1951 (7000 
p. per gram thyroid tissue). On June 4, 
151, the patient was back at work as a rail- 
id worker. Protein-bound iodine then was 


illicuries of I 


Case 3. D. S., a 29-year old white woman 
with moderately severe hyperthyroidism, was 
prepared for thyroidectomy with Lugol's solu- 
tion (Fig. 4). She took Lugol’s solution for 
about 8 weeks. She went into a complete 
clinical remission. 

The first tracer study was performed 4 
weeks after discontinuation of Lugol's solu- 
tion. For personal reasons, operation was not 


Fic. 2.—1,g, 
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performed and the patient remained clinically 
Phe tracer study 


months after discontinuation of 
solution 


well second was done 3 


Lugol’s 


CasE 4. J. U., GH 13129, a 3l-year old 


had severe 


rREATED 


HYPERTHYROIDISM 
before?®:*’. The plotting of the abso- 
lute values in per cent of the admin 
istered dose on semilogarithmic paper 


has been found to demonstrate satis- 


factorily the features of interest 


man Graves’ disease in 1944 and 
underwent a subtotal thyroidectomy. At the It is not surprising that the rapid 
| 
! 
| =f 
| —_ 
Uptake 
| 
8 
i| Ryperthyroidia 
i S451 — —— wom. 
— —— ~146 ag. $ 
244 r 
| 
1 i i J 
} = k vpert 1 patient ase 2), showing theray S id 2 subse 
juent tracer doses 
g stic re ly uary rate oft | pic k-up persists in. sur- 
5 \ we ind working 
~ gically treated hyperthyroid subjects 
cune was >.U g per 1 
100 , tabolic rate plus 9%, and who appear clinically euthyroid. What- 
. . 291 mg. per 100 cc. Not ever amount of thyroid gland is left 
. I in the thyroi in the patient by the surgeon is stil 


The rapid rate of ac- 


cumulation of I, bv the hyperactive 
thvroid gland has been demonstrated 


hyperthyroid tissue 


Similar considerations prevail in 
I,3: treated patients in whom a rapid 


| 
| 
| 
Discusion. 
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rate of uptake persists*. Quimby and 
Werner’ stated that the non-uniform 
deposition of I,s3; in thyroid glands 
results in focal areas of intense radia- 
tion with some tissue remaining struc- 
turally and functionally intact. Ex- 
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thyroid tissue. This dose is about 4 
times as great as the therapeutic doses 
in man (7000 r.e.p. per gram of tissue ). 

The effect of iodide and thiourea 
derivatives is thought to be due to in- 
hibition of hormone production. Their 


S. 29 g 

100 — 
90 Hyperthyroidism Lugol's Solution r 
80 
60 ‘ 

34 
2 a 
1 
6 24 48 
Hours 
ic. 4.—I,., in hyperthyroid patient (Case 3), showing tracer doses before and after the 


use of Lugol’s solution. 


ternal radiation (Roentgen-ray), how- 
ver, is relatively uniform. Unfortu- 
ately, no Roentgen-ray treated hyper- 
thyroid patients were available for 
tudy. Gorbman* found survival of 
ollicles in mice which had been given 

microcuries of I,3; per milligram 


action is chiefly within the thyroid 
cell. It is not yet generally agreed why 
administration of iodides (for exam- 
ple, Lugol’s solution) produces remis- 
sion regularly, only to lead to aggra- 
vation of signs and symptoms later on. 
Whether these remissions represent 


~ 
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fluctuations peculiar to hyperthyroid- 
ism or whether they are due to “iodine 
fastness”’ has not been established. It 
is agreed that thiourea drugs produce 
remissions and that recurrences after 
discontinuation of therapy with these 


TREATED HYPERTHYROIDISM 


suspected because of the presence of 
one or two signs or symptoms, such 
as tachycardia or heat intolerance, and 
in whom the total amount of I,,; ac- 
cumulated was within the normal 
range, but whose rate of uptake was 


drugs are quite common. rapid. Protein-bound — iodin basal 
T.U. 31 
100 
90 
Bo Graves' Disease 
roidectomy 1944 PBI 5.0 
on EMR +9% 
tholesterol 295 mg 
Esters 241 me 
60 4 
50 
40 
40 4 
20 
| 
Uptake 
104 
9 44 
8 
7 
6 
5 t 
| 
3 
2 
3 34 
Hours 
Fic. 5.—I,,, uptake 6 years after thyroidectomy for Graves’ disease (Case 4 


After successful treatment, the per- 
sistent rapid rate but reduced total 
amount of I,3; uptake indicates only 
quantitative and not qualitative 
changes in the thyroid gland with 
regard to its avidity for 1,3. 

We have recently observed several 
subjects in whom hyperthyroidism was 


metabolic rate, and serum cholesterol 
determinations were normal or equivo- 
cal. It is possible that this rapid rate 
of uptake represents an inherent func- 
tional disturbance in the thyroid gland 
Prolonged study of these subjects is 
being undertaken. They are being fol- 
lowed clinically, by determinations of 
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protein-bound iodine, basal metabolic 
rate, and serum cholesterol. They will 
be given diagnostic I,,; tracer doses 
to see whether the rate of uptake and 
total amount of I,,; accumulated re- 
mains the same, whether the rate of 
uptake regresses, or whether it and 
the total pick-up increase. 

Family members of our hyperthy- 
being studied by 
diagnostic tracer doses 
in order to detect abnormalities in 
the rate of uptake. 


roid patients are 


means of | 


Summary. 1. Sixty patients with ac- 
tive hyperthyroidism or a history of 
past hyperthyroidism were studied by 
means of repeated I,;, thyroid uptake 
tudies 


2. Previous observations by other 


The author is indebted to Benedict Cassen, I 
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investigators on the initial rapid rate of 
accumulation of I;3; by the thyroid 
were confirmed. 

3. Treated hyperthyroid patients in 
remission were found to have a re- 
duced total amount of I,3; accumu- 
lated by the thyroid but retained their 
rapid rate of uptake. 

4. Several patients with suspected 
studied and 
their thyroids found to accumulate a 


hyperthyroidism were 


normal maximum amount of I,3;, but 
to have a rapid rate of uptake. These 
patients are being followed. 

5. The importance of obtaining re- 
peated uptake readings within 24 
hours after administration of the tracer 
dose of [, particularly at 3 and 6 


hours. is stressed. 


*h. D., Clinical Professor of Biophysics, School 


f Medicine, University of California at Los Angeles, for his interest and help throughout this 
ly. Mrs. Jane H. Perini, R.N., and Miss Shirley R. Jarrett, R.N., gave assistance. 
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EFFECTS OF RADIOACTIVE COLLOIDAL GOLD 


(AUi9s) ON GUINEA PIGS 


By Epwin R. 


FisHeR, M.D. 


]. C. Neertnc, M.D. 


]. B. Hazarp, M.D. 


AND 


R. A. Hays, M.D 
CLEVELAND, OHIO 


From the Cleveland Clinic and the Frank E. Bunts Educational Institute, Cleveland 


Because of the few histologic re- 
ports of the effect of radioactive gold 

\uj9s) On tissues after intraperitone- 
al instillation, it is felt that additional 
histopathologic studies, as well as dis- 
tribution studies, of its effect upon the 
tissues of the guinea pig, would be of 
value. These studies assume greater 
significance since this agent is being 
used clinically more frequently in the 
therapy of malignant disease. 

P. F. Hahn™?°:15 has administered it 
to patients having carcinoma of the 
breast, lymphoblastomas, prostatic and 


vesical neoplasms, metastatic carcino-. 


ma in the liver, and neurogenic sar- 
coma. Portmann and Hays!* have used 
this agent in the treatment of undif- 
ferentiated carcinoma of the thyroid, 
cystic gliomas, cerebral hemangioblas- 
toma, and peritoneal carcinomatosis 
secondary to ovarian carcinoma. Since 
radioactive gold, after administration, 
is found to be present in organs pro- 
portionate to their quantity of reticu- 
loendothelial cells, it has been used in 
diseases of the reticuloendothelial sys- 
tem'*. This agent also has been pro- 
posed for the treatment of cervicouter- 
ine carcinoma and malignancies of hol- 
low viscera!!*, It has been administer- 
ed intravenously, intrapleurally, intra- 
peritoneally, and by direct infiltration 
of the tumor-bearing area. There have 


502" 


been no reports of toxicity other than 
that expected from comparable doses 
of irradiation by other methods. Had- 
en’ as well as Hahn’ suggest the toxi- 
city to be even less than that of the 
usual forms of radiation therapy. Hahn 
holds great hope for the use of radio- 
active gold in the treatment of malig- 
nant disease because its insolubility 
permits local instillation; it is well 
understood chemically, and there is 
no problem in handling radioactive 
excreta, since it is not excreted by the 
human body in significant amounts. 
Williams et al.18, have called attention 
to the facts that it provides a means of 
therapy in cases where the skin would 
be a limiting factor in external irradia- 
tion and that it can be administered 
as an outpatient procedure. 

Williams et al.’’, showed that after 
radioactive gold was administered in- 
traperitoneally or intracardially in rats 
and mice it was chiefly found in liver 
spleen, bone marrow, lungs. kidnevs 
colon, thymus, heart, and skeletal 
muscle. Sheppard et al.'*, found similar 
distribution in humans. No histologic 
details accompanied their reports 
Sherman, Nolan, and Allen'’, studied 
the effect of this agent on the tissues 
of the rabbit after parametrial instilla 
tion. They found that after 72 hours 


there was an increase in Ivmph vessel 
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1.—(Left) Section of liver showing focal necrosis (guinea pig No. 1) x 70. (Right) Micro- 
‘o-autogram of liver showing clump-like arrangement of radioactivity (guinea pig No. 1) x 70. 


2.—Section of spleen demonstrating myeloid metaplasma (guinea pig No. 3) x 250. 
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and that phagocytes contained gold as 
demonstrated by microradio-auto 
graphs and micro-incineration studies 
of these tissues. Further, many lymph 
follicles in the parametrial tissues were 
enlarged and phagocytes containing 
gold were found entering into their 
substance. In areas where the radio- 
active gold was most abundant, there 
was severe cellular destruction. Seven 
days after injection, radioactive gold 
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atter intraperitoneal instillation failed 
to reveal the presence of radioactive 
gold in the liver or spleen after 2 
weeks, but there was extreme radia- 
tion effect in the retroperitoneal lymph 
nodes. No significant changes in the 
abdominal viscera were observed. In 
another experiment these same investi- 
gators used oxycel impregnated with 
radioactive gold about the pelvic ves- 
sels and cornua of the uterus of the 


Fic, 3.—(Left) Vertebral marrow of control x 125. (Right) Vertebral marrow demonstrating hypo 


+ 


plasia (guinea pig No. 2) x 125. 


was increased in phagocytes as well as 
in the iliac lymph nodes, with evidence 
of “radiation damage”. Six weeks after 
instillation the iliac lymph nodes re- 
mained damaged, although focal areas 
of regeneration were noted. Three 
months after injection there were pro- 
nounced fibrosis and atrophy of cell 
structures. Sherman et al. commented 
that after parametrial instillation there 
was no untoward radiation effect lo- 
cally or distally. Studies conducted 


rabbit. They found fibrosis about thes« 
structures 6 weeks after application 
Many of the retroperitoneal lympl 
nodes were necrotic. Assay of the 
radioactivity in various organs re 
vealed a minimal degree compared t 
that of the treated area. Microscopi 
cally there was minimal necrosis in th: 
treated area with much fibrosis. 
Sherman, Nolan, and Allen in 
jected radioactive gold into the uterin 
cavity. Atrophy of the endometriu 
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(Left) Section of testis of control x175. (Right) Section of testis of guinea pig No. 7 
showing hypoplasia x 175. 


Microradio-autogram demonstrating foci of activity in capsule of pancreas (guinea pig 
No. 5) x 250. 
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resulted and after a second adminis 
tration there was a decrease in the 
number of primordial follicles in the 


ovaries. 


Procedure. Seven male guinea pigs were 
used as test animals and 3 as controls, Their 
weights ranged trom 315 to 480 gm. Each 
was maintained on a _ stock laboratory diet 
Four cubic centimeters (] ot radio 
active colloidal gold (Au ,9,)* were instilled 
intraperitoneally after cleansing and applying 
tincture of iodine to 4 of the test animals. 
[wo cubic centimeters me./ce wert 
instilled in a similar fashion to 2 test animals, 
ind 1 test animal received 3 cc. Control ani- 
nals received 4 cc. of non-radioactive col 
loidal gold Au, 
in equivalent Roentgen units was obtained by 
formulae devised by Marinelli et al.'* 

Periodic activity counts were made with 


intraperitoneally. Dosag« 


9S 


the end-window type of Geiger-Mueller 
ounter both with and without a l-mm. alu 
minum filter at 50-cm. distance. Body weights 
ere recorded at intervals 

Complete autopsies were performed on all 
inimals. Gross radioautographs were made 
m portions of all tissues obtained. Tissue 
was fixed in 10% formalin as well as Zenker’s 
fiuid. Microradio-autographs were made after 
the method described by Axelrod, and direct 
ounts of tissue radioactivity on sections were 
nade from formalin-fixed material. The proc- 
essing of the tissue for histologic study was 


done in a routine manner except that paraffin 


instead of tissue mat was used for imbedding 
The latter material was noted to produce 
utifacts when employed in the production 


microradio vutographs. Sections for histo 
gic study were stained with hematoxylin 
ind eosin. Sections used for radioautography 


er yunterstained with hematoxylin and 
picric acid after the radioautographs wer 
ompleted. All sections were cut 5 microns 


in thickness 


Results. HisroLocic AND RapioauTo- 
GRAPHIC OBSERVATIONS. Sections of 
brain, eye, lung, thyroid, liver, spleen. 
omentum, pancreas retroperitoneal 
lymph nodes, portions of the gastro- 
intestinal tract, adrenals, kidneys. 
testes, skin, psoas muscle, and _ verte- 
bral, and in several instances sternal, 
bone marrow were studied. All tissues 
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were compared with those of the con- 
trol animals. Only positive histologic 
microradio-autographic findings — will 
be reported. 

Guinea pig No. | received 4 me. 
of radioactive gold (909.9 equivalent 
Roentgens (e.r.) -+- 6.86 Roentgens 
(r.)) or 916.76 total r., and was found 
dead 6 days after instillation. The 
liver revealed focal necrosis of hepatic 
cells. Sections of testicle showed ab- 
sence of spermatozoa and spermatids. 
Microradio-autographs of the liver 
demonstrated dense foci of activity 
most marked in the zones revealing 
hepatic necrosis. Although activity was 
evident in the lung and spleen, there 
was no specific localization as to site. 
Activity was observed to be distributed 
for the most part in dense localized 
masses approximately 50 microns in 
diameter. 

Guinea pig No. 2 also received 4 
me. of radioactive gold (957.4 e.r. 
7.02 r, or 964.4 total r). The animal 
survived 13 days. The testes revealed 
absence of spermatozoa, with few 
spermatids in the tubules. Sections of 
vertebral bone marrow revealed a 
moderate reduction in all cellular com 
ponents, with a moderate relative in 
crease of loose areolar connective 
tissue in the marrow cavity. Radio 
autographs demonstrated activity in 
the spleen, especially in the regions 
of the splenic sinuses. Focal activity 
was observed in the retroperitoneal 
lymph nodes and liver.. There: was no 
focal hepatic necrosis seen in this 
animal. Microradio-autographs _ re- 
vealed activity to be of a similar pat- 
tern to that seen in guinea pig No. 1. 

Guinea pig No. 3 also received 4 
me. of radioactive gold (914.3 e.r. 
6.89 r., or 921.1 total r) and succumbed 


23 


on the 23rd day. As previously ob- 


served, there was focal hepatic ne- 


*Obtained from Abbott Laboratories, Chicago, Illinois (permission of tomic Energy Com 


mission 


om 
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crosis present. In addition, zones of 
hematopoiesis were found in the hep- 
atic sinusoids. Similar zones of hemat- 
opoiesis were noted in the spleen. 
rhe testes revealed absence of sperma- 
tozoa, with a few spermatids in the 
testicular tubules. Slight focal adrenal 
cortical necrosis was observed. Micro- 
radio-autographs failed to reveal any 
evidence of tissue activity. 

Guinea pig No. 4 received 3° me. 
of radioactive gold (674.08 e.r. 6.89 r 
or 680.97 total r), and survived 26 days 
following administration. Sections re- 
vealed areas of hematopoiesis in the 
spleen. The liver showed foci of granu- 
locytopoiesis in the portal regions. No 
zones of hepatic necrosis were noted. 
\bsence of spermatozoa was observed 
in the testicular tubules, although 
spermatids were present in moderate 
number. Slight cortical necrosis of 
focal distribution was present in the 
idrenal. The lungs demonstrated an 
icute pneumonitis with abscess forma- 
tion from which Streptococcus hemo- 
lyticus was cultured. The bone mar- 
row appeared slightly more cellular 
than that of the control animals. No 
ictivity was observed in the micro- 
radio-autographic studies. 

Guinea pig No. 5 was given 4 me. 
f radioactive gold (631.84 e.r. 4.77 r 
1 636.57 total r). and was sacrificed 48 
hours after instillation. The only signi- 
ficant histologic change observed was 
in increased oxyphilia of the cells of 
the zona reticularis of the adrenal cor- 
tices. Microradio-autographs revealed 
i focal as well.as moderately diffuse 
listribution of activity in the liver. The 
focal accumulations were observed 
nost frequently in the midzonal areas. 
\n occasional Kupffer cell revealed 
idioactivitv. Some activity of focal 
listribution was observed in the renal 
‘lomeruli. Activity was pronounced in 
he lungs and assumed a focal as well 
s diffuse pattern and appeared to be 
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emanating from endothelial cells of 
the alveolar septal capillaries. Activity 
was evident in the serosa of the in- 
testinal tract and pancreatic capsule 
and appeared to be localized within 
mesothelial cells. Activity was present 
in the adrenals, assuming a diffuse pat- 
tern as opposed to the dense focal 
collections seen in all previous organs 
studied in this or other animals. Most 
activity appeared to be emanating 
from the endothelial cells of capil- 
laries. One localized dense focus of 
activity was observed in the thyroid 
gland. It did not reveal any specific 
relationship to thyroid structure. The 
spleen demonstrated slight focal ac- 
tivity. However, the microradio-auto- 
graphs were prepared 5 days after 
preparation of the other material due 
to an error in the handling of the tissue. 
\ broad dense zone of activity was 
noted in the subcutaneous tissue of the 
skin of the abdominal wall at the site 
of injection. 

Guinea pigs No. 6 and No. 7 re- 
ceived only 2 me. of radioactive gold 
(425.16 e.r. +-3.21 r or 428.37 total r) 
and were sacrificed at 49 days. The 
sections were essentially negative 
except for hypoplasia and anakmesis 
of gametogenic elements of the testes. 
There was no evidence of hepatic ne- 
crosis or extramedullary hematopoiesis. 
Microradio-autography failed to reveal 
activity. 

LONGEvity OF Raproactivity. From 
Table 1 the counts per second taken 
with the Geiger—Mueller counter over 
the abdominal areas of the guinea pig 
at 50 cm. with and without aluminum 
filter of 1 mm. thickness are recorded. 
All counts have been corrected by 
subtracting the background count 
from the total count. Although counts 
are observed on the 33rd day _ fol- 
lowing injection, nevertheless  signifi- 
cant activity lasts for onlv 12 days, 
coinciding with the work of Chamber- 
lain et al’. 
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TABLE 1.—THE DURATION OF RADIOACTIVITY AS MEASURED AS COUNTS PER 
SECOND OBTAINED BY GEIGER-MUELLER COUNTER AT 50 CM. FROM THE 


ABDOMINAL WALL 


Day of Count 1 

After injection S774 5457 8462 
3749* 3749" 3160" 
3520 $401 3381 
2 2795" 8700" 2059" 
2799 $545 2585 
) 1166" 1862" 1266" 
1135 1490 1862 
6938" 1094* * 
621 1198 908 
732" S16* 

779 
673" 686" 
959. 676 
504° £50" 
538 

265 
126 
7 57 
19 3 
2) 61 

) 


dead 


Tissue Activity. Table 2 reveals 
the counts per second in the various 
tissue sections cut at a thickness of 5 
micra from guinea pig No. 5. This 
animal received 4 me. of radioactive 
gold and was sacrificed in 48 hours. 
Significant activity is noted in the 
liver, spleen, and stomach in this order 
of decreasing magnitude. Table 2 also 
depicts the tissue activity of guinea 
pigs No. 1 and No. 2. They had re- 


ceived 4 me. of radioactive gold and 


with | mm. 


(ruinea Pig Vi 


$500 33806 2420 2000 
2426" 2000" 2426" 
8010 2549 2244 
2560" 1835* 2809" 
2621 $4538 1854 2809 
1220” G77" 651" 
1161 6338 6389 
S14" 
973 27 627 
2 +4 
166 
544° 208 27 
535 110 172 
IIR PIR 
14 11S 145 
16 
+6 
38 +4 
6 14 
+4 2) 
9g 
12 


aluminum filtes 


succumbed at 6 and 13 days, respec- 
tively. The remainder of the guinea 
pigs failed to reveal activity in thei 
tissues. 

THe Errecr or RaproactivE 
LOIDAL (AU;9,) ON WercutT. As 
shown in Table 3, loss of weight oc- 
curred in those animals receiving in 
stillation of the radioactive material 
whereas control animals demonstrated 
moderate gain in body weight. It was 
observed also that animals 1, 2, 3, and 
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rABLE 2. RADIOACTIVITY OF TISSUES RECORDED AS COUNTS PER SECOND 
OBTAINED ON TISSUE SLICES 5 MICRONS IN THICKNESS 
Counts Second 
Organ Pig No. 5 Pig No. 1 Pig No. 2 
Liver 116.3 7.9 8.6 
Stomach 98.5 
Skin (inj. site 91.0 
Spleen 60.0 5.2 
Kidney 16.0 
Kve 15.3 
Lymph node 13.9 
Adrenal 13.9 
Lung 1.8 
Pancreas 12.4 
Psoas muscle 12.3 2 4 
Heart 12.1 
Small intestine 11.4 1.7 
( olon 10 7 
Phyroid 10.6 
‘Testis 10.6 
Brain 10.5 
Bone marrow (vert 10.4 
rABLE 8. EFFECT OF RADIOACTIVE GOLD (Auws) ON WEIGHT OF GUINEA PIGS 
INTERVALS AFTER INSTILLATION (GM.) 
Guinea Pig No Controls (C) 
Day 
Weigh 5 6 C1 (C2 C3 
Injection $80 856 356 860 3438 850 
Gti 
7th 318 359 340 374 385 377 359 361 
260* 
s12* 284 378 421 392 379 885 
29th 338 $19 395 SSS SSO 
Oth 335 290 4830 $17 $255 
* Dead 


debilitated and showed 
body hair before death. Al- 
though loss of body weight was noted 
in pigs No. 6 and No. 7, these animals 
remained active and showed no loss 
if body hair. 


appeared 


loss ot 


Discussion. According to Kelsey", 
the lethal dose of total body Roent- 
en irradiation for guinea pigs is 
50 r. The quality of this dose was 
iot specified. The guinea pigs used in 


this study received approximately 2 to 
4 times Kelsey's estimated lethal dose. 
Those animals receiving 3 and 4 times 
the lethal dose succumbed within 3 
weeks. However, the 2 guinea pigs 
that received 428 r, or slightly less 
than twice a supposed lethal dose of 
total irradiation, survived for 49 days 
before they were sacrificed. Weight 
loss was slight in one and marked in 
the other, although both animals were 
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active and did not appear debilitated 
as was observed in those animals suc- 
cumbing to the administration of 
colloidal gold. The ani- 
surviving the irradiation for 49 
days revealed no essential changes in 


radioactive 


mals 


the tissues studied except for hypo- 
plasia and anakmesis of the gameto- 
genic elements of the testes. Con- 
2 of the animals that died 
revealed focal hepatic necrosis which 


versely 


correlated with zones of radioactivity 
in the liver as depicted by microradio- 
autography. In addition the animal 
which survived for only 2 weeks re- 
vealed extramedullary hematopoiesis 
in the liver and spleen with hypoplasia 
of bone marrow 
noted to 


ror 23 and 


These changes were 
animals 
96 days. All 


revealed 


regress in surviving 
animals that 
hypoplasia and 
inakmesis of gametogenic elements of 


the testes 


succumbe d 


The species differences encountered 
in studies of the response to total body 
irradiation make the clinical applica- 
tion of these findings difficult. Never- 
theless, it has been demonstrated that 
the 


radioactive 


following instilla 


intraperitoneal 
colloidal 


pathologic change, as 


tion of gold in 
large quantity 
well as death, similar to that encoun 
tered in total 


Furthermore, at 


body irradiation occurs 


the 


a dose considered to be twice the 


least in guinea 
pig, 
lethal dose has not demonstrated any 
pathologic change in the tissues except 
in the testes of male guinea pigs. It 
apparent that, although a 
wide range is available in the estab- 
lishment of a therapeutic dose, never- 


becomes 


theless caution must be used when this 


agent is emploved_ intraperitoneally. 
since effects of total body irradiation 
be obtained. 

Studies of 


concentration in 


revealed 
the liver, 
and spleen following intra- 
instillation. Although the 


tissue activity 
maximum 
stomach 


peritoneal 
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skin was noted to contain activity of 
similar magnitude, the only 
taken 
tion site 
in the 


sections 

study were from the injec 
Slight activity 
kidney, eve 


was observed 


retroperitoneal 


lvmph nodes, adrenal, lung, pancreas 
psoas muscle, heart, small and larg: 
intestine, thyroid, téstis, brain and 


bone marrow. This follows the general 
pattern of distribution as described by 
Williams et al.'* 

Microradio-autographs revealed the 


in rats and mice. 


pattern of activity in all tissues except 
the adrenal to be 


aense 


characterized by 
This type of 


focal aggregates 
explained by 
that 


is aggregates on 


distribution has been 


Hahn® 


colloidal atoms occur 


believes radioactive 


an inert nidus of tissue due to pH 
changes and the duration of time the 
colloidal the 


material is retained in 


tissue. For the most part radioactive 
colloidal gold was most abundant in 
tissue containing large quantities of 
reticuloendothelial cells. The Kupffer 
cells of the liver. endothelial cells of 
the septal capillaries of the lung 


renal 


the 


the 
serosa of the 
and the pan 
creatic capsule all demonstrated local 
Yet in 


stances no localization as to 


idrenal vessels glomeruli 
mesothelial cells of 
gastrointestinal tract 


many in 
cell 


determined 


ization of activity 
clis- 
Fur- 


tribution could be 


thermore, in sections revealing activity 
localized to a specific cell type, it was 
that 
given zone were tree ot 


observed manv of these cells in 
activity. 


Summary. The instillation of radio- 


any 


active colloidal gold Auios intra 
peritoneally in guinea pigs produced 
effects similar to those of total body 
irradiation. There was loss of body 


weight and hair in all animals re- 
this 
receiving approximately 3 to 4 
the lethal dose of radioactive colloidal 
gold succumbed 3 weeks after instilla- 


tion. The 


ceiving substance. Guinea pigs 


times 


outstanding morphologic 


|— 


EFFECTS OF RADIOACTIVE 


changes were focal hepatic necrosis, 
hypoplasia of bone marrow, myeloid 
metaplasia of liver and spleen, and 
atrophy of testes. Animals receiving 
twice the lethal dose sacrificed 49 days 
after instillation of radioactive  col- 
loidal gold demonstrated hypoplasia 


ind anakmesis of testes. 
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The maximum concentration of ra- 
dioactive colloidal gold was observed 
in liver, stomach, and spleen, although 
all other organs and tissues revealed 
activity of minimal degree after intra- 
peritoneal instillation. Radioactivity 
was distributed in the tissues chiefly in 
a focal manner. 


We are indebted to Dr. Otto Glasser for his valuable advice in this study and the technical 
issistance of Mrs. Elizabeth Haskell and Mr. Bernard Tautkins 
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FLUID, ELECTROLYTE, AND PROTEIN DEPLETION SECONDARY TO 
THE BRONCHORRHEA OF PULMONARY ADENOMATOSIS: 
4 COMPLICATION HERETOFORE UNREPORTED 


By Water |. Levinsky, M.D 
RESIDENT IN MEDICIN} 
AND 


RicHARD A. KERN, M.D 


PROFESSOR OF MEDICINI 


Krom the Medical Division, Temple University School of Medicir ad Hospit 
Philadelphia 


Ir is well recognized that severe. and lungs by a physician wl idvised roent 

often fatal, fluid and electrolyte de beli a 

responsible tor the “wet spot 
pletion can result from protracted vom = ' 

: up Endoscopy was su ested ( tive pa 
iting and diarrheal states, pyloric and tient entered a hospital where he was told 
intestinal obstruction draining fistulae he had an esophage il tricture A series t 
continued gastric and intestinal intuba- t dilatations was performed, about a nt 


t st Yecember 5, 1949 
tion-suction and other mechanisms  °?2™ he last on I , I 


: During the past year the patient had noted 
causing excessive loss of essential body 


_an increasing tendency to cough, with the 
fluids. To our knowledge. there has 


oral evacuation of fluid and with vague pain 
been no previously recorded instance in various parts of the body, chiefly in the 

: gs e cougl oductive of 
of such a state of depietion produced back and leg Phe cou was proaucuy 


copious amounts of thin waterv material witl 
by the loss of bronchial secretions. The le TI 
no admixture of anvthing recognizablk The 


following case of pulmonary adeno-  gyacuation of this fluid was facilitated by 


matosis manifests these alterations as lving on his left side, when as much as 8 t 
shown by the clinical picture, by volu- 10 ounces of thin, slightly opalescent watery 
metric and chemical determinations of | ™#terial would be raised | 

fluid, protein, and electrolyte loss  \°S His weight, which had been constant 


through the bronchial route, by an al- 


within a tew min 


had dropped 15 pounds in the past 6 months 
Mild dyspnea on exertion had been noted 
tered fluid balance, and by a rapid _ recently. There had been 


no hemoptys 


clinical improvement following hoarseness, chest pain night sweats. Th 
placement therapy. past medical social and family histories as 
, well as systemic inquiry were not significant 
Case Report. A 65-year old white mak Physical examination revealed a well de 
Jewish broker, was referred to the Chevalie1 veloped adult white male of fair nutrition 
Jackson Clinic of Broncho-Esophagology on who appeared chronic lly ill There was mn 
January 24, 1950. with a diagnosis of “stric- eyanosis, venous distention, or clubbing of 
ture of the lower end of the esophagus, with the fingers. The temperature was 98.6° } 
possibl. fistulous tract to the bronchus”. the pulse SO, respiratory rate a8 ind tl 
The patient had noted difficulty in swal blood pressure 110/70. The cardiac exam 
lowing for over 20 years. The rapid swal ination revealed normal findings The chest 
lowing of foods and particularly cold liquids was emphysematous, with dullness and 
would result in a sensation of constriction at creased fremitus over almost the entire left 
1 point localized behind the lower end of the lower hemithorax and dullness at the ex 
sternum, but never with regurgitation. This treme base of the right chest. Distinct tubu 
was not distressing enough to require med- jar breathing and a few moist rales wer 
ical attention until the summer. of 1949. At audible at the left base, and bronchovesi 
this time a “wet spot” was found in his ular breath sounds with numerous coarse and 
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fine rales at the right base. After coughing 
ind expectoration of about 200 cc. of thin 
watery fluid, aeration of both bases improved 
greatly with fewer rales but with no altera- 
tion in the tubular quality of the breath 
sounds at the left base. The remainder of 
the physical examination was not remark 


Laboratory studies on admission revealed 
hemoglobin of 17.4 red cells 6.13 
nillion, leukocytes 16,700, with neutrophils 
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as well as intake-output and daily weight 
records. 

Extensive Roentgen studies of the chest 
(Fig. 1) revealed: “Abnormal mottled and 
confluent density in the lower portions of 
both lungs. This is moderately extensive in 
the lower third of the right lung and is quite 
pronounced in the lower half of the left lung. 
On the left side the density is largely con- 
fluent or homogeneous, through this 
density the negative shadows of the air-con- 


* 


Fic. 1.—Roentgenogram on Jan. 26, 1950, of patient with pulmonary adenomatosis. 


80%, lymphocytes 17%, monocytes 2%, and 


isinophils 1%. The urine had a_ specific 
rravity of 1.017 and was normal. The fasting 
blood sugar was elevated: 188 mg. per 100 

and the blood urea nitrogen was quite 
high: 100 mg. The Kolmer and Kahn re- 
ictions were negative. 

CuiricaL Course. The patient remained 
ifebrile for his entire hospital stay. Shortly 
ifter admission careful tabulations were kept 
of the amount of expectorate produced daily, 


taining bronchial branches of the left lower 
lobe are well visualized.” An exhaustive study 
was made of the esophagus on the presump- 
tion that the extensive lung disease was on 
the basis of aspiration pneumonitis, but there 
was: “No evidence of spill-over of barium 
into the glottis, nor have we found any evi- 
dence of esophageal perforation or esoph- 
ago-tracheal or esophago-bronchial fistula. 
However, a definite constricting lesion is 
demonstrated at the lower end of the esoph- 
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agus: this is not typical of chronic cardio ence of gastric content with negative find- 
spasm 1as is the esophagus shows no ings. The pH was 8.0 and no pepsin was 
musual dilatation; it is not typical of a detected. A fractional gastric analysis showed 
neoplastic process normal acid values. Because of the remote 
The bronchoscopist reported Pracheo possibility of a renal-bronchial fistulous con 
bronchial tree inspected and .found grossly nection, urea determinations of the expec 
normal e) pt for a large amount of very torate and urine were don The former gave 
thin bronchial secretion.” Esophagoscopi i value of 46.5 mg. per 100 cc., whereas the 
xaminanviol howed: “A moderate amount of latter showed 1450 mg pel 100° ce Skin 
uid aspirated but no stasis of solid material tests with histoplasmin, blastomycin, and 
encountere Che scope passed through inte coccidioidin were negative Che Ay intoux 
1a with little resistance The mu test (P.P.D.) was positive in the first dilution 

in the region of the esopl Many specimens of the expectorate wer¢ 


Fic. 2.—Photomicrograph of cells found in bronchial secretions of patient with pulmonary 
idenomatosis 

gastr nection showed slight examined and cultured for acid-fast. bacilli 
t | ent received 2 esophag il ind fungi, with consistently ne gative results 
lilatati th moderate improvement in the Aerobic and anaerobic bacterial cultures dis 
lysphag closed moderate numbers of N. flava, N 
Becau tf the ibnormal fasting blood sicca, N. catarrhalis, viridans hemolvti strep 
igar, a glucose tolerance test was performed tococci (not group A ind non-hemolytic 
which revealed a mild diabetes mellitus. Sub streptococci, all of which were sensitive to 
sequent blood and urine sugar determina either penicillin or streptomycin 
tions were within normal range on a dietary Cytologic study of the bronchial washings 

simen alone (Fig. 2) was reported: “Class 3, suspicious of 

By February 8, 1950, after adequate fluid malignancy. Is there a possibility of this be 
nd dietary intake, the blood urea nitrogen ing pulmonary adenomatosis?” A smear for 
id dropped to 14 mg. per 100 c The ey cellular elements showed: “rare eosinophil 
pectoratea iterial was tested for the pres many cells which resemble plasma cells.” 


| 
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Because of lack of definitive diagnosis, a 
needle aspiration biopsy of the left lower 
lung was performed (Fig. 3). 
ported “The 


This was re- 
contains papillary 
structures sectioned in various planes. The 


spec imen 


lining cells are slightly obscure but they can 
be seen as cylindrical elements with a tend- 
ency to vacuolization of the cytoplasm and 
nuclei which are quite regular; the cells are 
similar to those seen on bronchial smear. 


Diagnosis: Papillary adenomatosis.” 


BRONCHORRHEA OF 


PULMONARY ADENOMATOSIS ols 
The Trousseau and Chvostek signs were neg- 
ative. Electrocardiographic study showed a 
sinus tachycardia, P-R interval .20 sec., and 
abnormally low QRS complexes with com- 
paratively high T-waves. 

Correlative examinations of expectorate, 
blood, and urine were made on March 21, 
1950, and on several subsequent dates (Table 
1). Fluid balance studies performed on March 
23, 1950, disclosed significant deficits in the 
body fluids, proteins and electrolytes (Table 


The patient continued to bring up copious 
material (Fig. 4) 
ind on many days this far exceeded the 
On March 18, 1950, the ex- 
pectorate totaled almost 2 liters for a 24-hour 
period. Just prior to this the patient began 
» complain of severe muscular cramps, most 
narked in the calves and feet. In addition 
there was general malaise, lassitude, loss of 
ippetite, and moderate generalized weak- 
ess. He was now content to lie in bed most 
f the day, whereas previously he had been 
mbulant. The deep tendon reflexes became 
hypoactive and the blood pressure dropped 
to 88/60. The pulse rate ranged from 100 
to 110. The heart tones were of poor quality. 


juantities of thin watery 


irinary output 


tomicrograph of specimen obtained by aspiration needle biopsy in patient with 
pulmonary adenomatosis. 


2). The low chloride figure (291 mg.) on 
March 2lst is the more significant in view of 
the then existing hemoconcentration indi- 
cated by the high red cell count (6.1 million) 
and the high blood protein (8.1 gm.). An in- 
tensive program of both parenteral and oral 
fluid, electrolyte and protein supplementation 
was begun on March 21, 1950, in an effort 
to correct the obvious deficiencies. The 
treatment consisted in the intravenous ad- 
ministration of 1000 cc. of Darrow’s solution, 
1000 cc. of 10% glucose in water solution, 
and 10 cc. of calcium gluconate solution. 
The following day he was given 1000 cc. of 
5% glucose in saline solution and 1000 cc. of 
amigen (R) solution intravenously. The oral 
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encourade d 


intake of fluid 
In addit t 1 high protein diet, the pa- 
tient received 4 « of concentrated meat ex 
tract (mainly for the high potassium content 
4 times daily, 15 to 30 skim milk 
powder in milk 15 micrograms 

quantities ot 
multivitamins, and fre 
of soups and beef broths con 


added salt 


was to tolerance 


gm. ot 
times a day, 
of B,. parenterally daily, 
oral 


large 
ind parenteral 
dings 


larg 1ounts of 


quent fe 


OF PULMONARY ALDENOMATOSIS 
veal any alterations on comparison with pre 
vious studies. The general condition of the 
patient continued to improve, the blood 
chemical studies showed a return to normal 
values, and on April 25th the patient was 
dischargs d. 

He was re-admitted for further study on 
May 31, 1950. He stated he felt well and 


presented no new complaints Or 


During the 


symptoms 


interval at home his daily volum«e 


THERAPY 


UME 


Ata RAY 


it 
WI 


almost immediate im 
patient’s general condition 
onset of the 
therapy he regained his appetite 
relic ved 


and he 


This produced an 
provement in the 
Within a days after the 
corrective 
the severe 


rew 


cramps wert his strength 
improve d dramatically 


once again 
became active and ambulant. There was 
transient mild pitting ankle edema during 


this treatment period, but it soon receded 
and was never again evident 
Because of the gravity of the patient’s 


clinical condition, 
the left cl 
As shown in 


Roentgen-ray therapy to 
st was begun on March 28, 1950 
Fig. 4, this was followed by a 
significant drop in the daily amount of expec 

torated material. The patient 
dosage of 2000 roentgens 


Xoentgen studies of the 


receive d a 
Subse quent 
failed to re 


(ai 
chest 


output of bronchial secretion between Feb. 18 and 


pulmonary 


1 June 12, 1950, in 


idenomatosis 


had ranged 270 ce. t 


800 cc. (Fig. 4). Urinalysis was 
the hemoglobin ] 3.8 gm., re d cells 

leukocytes 13,700, with 78% 
15% lymphocytes, 1% monocytes 
and 8% eosinophils. The 


of expectorat from 
an unusual 
negative 
5.1 million, 
neutrophils 

fasting blood sugar 
1 mg. per 100 cc. The blood pressure 
110/70, and the other physical findings 
essentially the same as previously noted. 

\ series of re-examinations was carried out 
that 
vious observations. 

The roentgenographic studies of the chest 
showed no significant difference from the 
findings noted over a period of 4 months 

Bronchoscopy revealed: “Moderate amount 
of thin fluid, having the appearance of saliva, 
are encountered in the trachea and left bron- 


was 12 
was 


were 


showed no material change from pre 
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nial tree 


A total of 1 ounce was aspirated 
There is much less fluid on the right side 
The mucosa shows no particular inflamma 
tory change. 

Cytologic examination of the aspirated 
material gave findings similar to those on the 
previous study 

Chemical analysis of th expectorate again 
revealed significant losses of protein and ele« 


ible 1). 


trolvtes by this route 


rABLE 1 


\ 
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The patient was discharged on June 15 
1950, in better condition generally than at 
any time in the 12 months before. He was 
readmitted to the hospital on November 15. 
1950, for follow-up study, and he stated that 
he felt well and presented no new symptoms. 
In the months careful daily 
tabulations of the sputum volume had again 
The volume in this interval 
averaged about 200 cc. daily. 


prec eding 5 


been recorded 
(6.75 oz. 


ANALYTICAL DATA OF EXPECTORATE, BLOOD AND URINE IN A PATIENT 


WITH EXCESSIVE BRONCHORRHEA DUE TO PULMONARY ADENOMATOSIS 


} pet forate 


Dat 32150 3.27 50 655 
Vo ‘ 1220 1200 500 
(Chlorid y. per ‘10 S66 
Sod 144 154 
6 S85 64 7 
mkq 
rea Nitroge ow 
LOO 
Potal Protein 269 l 
Alb Der O55 
100 
Glol er 244 
LOO 
COW. (Vol 
Hematoer 


Guinea pigs were sacrificed that had been 
njected 4 months previously (March 18, 


1950) with fluid aspirated at bronchoscopy. 


lhe animals showed no evidence of adeno- 
matosis. This procedure was suggested by the 
work of Norris!®°. who observed a picture 
similar to adenomatosis in a guinea pig in- 


jected with a pleural fluid from a_ patient 
with lobar pneumonia. More recently, Good 
et al.5 have also reported negative results in 
inimal inoculation studies. 

Because of the benefit derived 
from the first course of Roentgen-ray ther- 
ipy, a second course of treatment (a total 
lose of 1200 roentgens in air) was given 
to the left chest. During this period there 
was a further decline in the quantity of 
xpectorate to the lowest levels yet noted 
Fig. 4). No treatment was given at any time 
to the right chest, lest there result a serious 
degree of bilateral pulmonary fibrosis. 


apparent 


Blood Urine 
21 50 32750 42050 63°50 3°27 50 
291 361 S84 867 
141 146 190 
9.4 9.9 9 6 9 6 
>. 95 52.5 
SU 16 
8.1 7.4 5.8 
$.5 3.2 5,0 4.5 
3.6 2.2 1.3 
65°, 42°, 43°, 


No significant changes were noted on phys- 
ical examination. Bronchoscopic, bacterio- 
logic, and complete Roentgen studies of the 
chest failed to disclose any appreciable 
changes from those previously observed. The 
hemogram was within normal limits and the 
urine revealed a moderate amount of al- 
bumin. 

Amylase activity was determined on the 
patient’s serum (26 gluc. equiv.), saliva (102,- 
500 and 130,000 gluc. equiv.) and expec- 
torate (42,000 and 66,500 gluc. equiv.). The 
saliva of 4 normal controls showed an aver- 
age amylase activity of 24,700 gluc. equiv. 
Further Roentgen therapy was deferred be- 
cause of the favorable course of the patient's 
illness. He was discharged on November 21, 
1950, on a high protein diet with vitamin 
and electrolyte supplements. 

The patient was again admitted to the 
hospital on April 1, 1951, for re-evaluation. 
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His nutrition and strength were improved 
iOwevel ne continued to complain ot easy 
fatigue and dyspnea on slight exertion. His 
weight was 162 pounds and his average daily 
sputum volume ranged from 300 to 600 c 
Phe physic il findings were essentially thx 
same as previously noted. Laboratory studies 
disclosed a hemoglobin of 15.3 gm.. a tran 
sient trace of glycosuria, bacteriologic 
ind cytologic findings of the bronchial secre 
ClOnS similar to the earlic r ones The blood 


sugar was 131 mg. The serum electrolvtes 


) 


were within normal range and the serum 
proteins were 6.7 gm. per 100 cc., with an 
\/G ratio of 1 to 1.2. The chest roentgeno 
gram revealed more consolidation and _in- 
reased density in the involved areas, denot 
ing some progression of the disease 

Because of this progression and some in- 
rease in sputum volume, the use of nitrogen 
mustard therapy was considered. This agent 
is radiomimetic and it is known that a larg: 
traction of the intravenous dose is either 
ibsorbed or inactivated in the lung. Accord 
ingly, on April 6, 1951, a 20-mg. intravenous 
lose was given to the patient without inci 
dent. The patient was discharged on April 
5S, 1951, in an unchanged condition and was 
to return for follow-up treatment 
On May 29, 1951, the patient once again 
ntered the hospital The sputum volume 
had increased to 1000 to 1200 ce. daily, and 
the dyspnea had increased to such an extent 
that even mild exertion, such as combing the 
air or slowly walking down the corridor. 
would at times cause considerable respiratory 
listress. In this 2-month interval, the physical 
ind Roentgen findings revealed a moderati 
progression of the abnormal changes in the 
lower lung fields. The abnormal densities 
ippeared more compact, but the extent of 
the disease remained about the same. The 


significant laboratory findings included a 


serum chloride of 362 mg. per 100 cc., a 
serum sodium of 120 mEq/L., and a serum 
potassium of 5.35 mEq/L. The hemogram, 


serum proteins, urine, and other studies, in- 
cluding bronchoscopy and bronchial secretion 
studies, were essentially the same as previ- 
ously noted. The circulation time (saccharine 
was 28 seconds; the ether time could not be 
determined. The patient was given larg: 
doses of Banthin =“ a quaternary ammo- 
nium parasympathetic blocking agent, with 
no effect noted on the daily sputum volume 
Digitoxin was given in full dosage with a 
resultant 7-pound weight loss but with no 
apparent benefit in the subjective dyspnea 
Because of the progression of the disease and 
the probable previous benefit derived from 
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Roentgen treatment, the patient was given 
nother course of therapy. From June 5 to 
June 13, 1951, he received a total of 1600 
roentgens (in air) to the right anterior chest 
On June 14, 1951, the patient was discharged 
on digitoxin, protein, and electrolyte suppl 
ments and oral vitamins. His general condi- 
tion was unchanged 

On September 25, 1951, the patient was 
subsequently admitted to the service of Dr. 
Benjamin Burbank at the Long Island Col- 
lege Hospital. The findings at this time were 
ilmost similar to those noted previously and 
there were no appreciable changes in serial 


roentgenographic studies. There had been a 


slight regression in his general condition and 
treatment continued to be purely sympto 
mat The sputum volume had decreased 
from 20 to 8 ounces a day In the early 
hours of October ll, 1951, he suddenly cried 
out with severe substernal pain ind expired 
ilmost immediately. Permission for necropsy 


was not granted 


Discussion. Pulmonary adenoma- 
tosis is a rare disease of late or middle 
life. To date almost 100 cases!*1%° 
have been reported in the literature, 
but in only 6 of these! had the 
diagnosis been established ante mor- 
tem when we so diagnosed our patient. 
Since then, an additional 14 have been 
so recognized®*:!!15, From a pathologi- 
cal standpoint, the disease had been 
compared to the infectious pulmonary 
disease of sheep known as jagziekte**. 
Although the two are morphologically 
similar, the infectious nature of the 
human disease has never been proven. 
The pathological, roentgenographic, 
and clinical aspects of the disease have 
been extensively reviewed by several 

The clinical features which should 
arouse a suspicion of the disease are 
cough and the expectoration of copious 
quantities of non-odorous clear, wat- 
ery, frothy “sputum”. Dyspnea, weight 
loss, and weakness are common. Fever, 
hemoptysis, anemia, and leukocytosis 
are usually absent**. These findings, 
along with multicentric pulmonary 
densities clinically and  roentgeno- 
graphically and the failure to discover 


| 
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a primary site for metastatic malignant 
growths in the lungs, should suggest 
the diagnosis. 

In this patient, first thought 
was that the pulmonary disease repre- 
an aspiration pneumonitis, or 
so-called “drowned lung.” This we be- 


our 
sented 


lieved to be due to an esophageal stric- 
ture with overflow and secondary spill 
into the tracheobronchial tree. Detailed 
roentgenographic and endoscopic stud- 
ies failed to substantiate this original 
impression. The cytologic study of the 
although 
hinted at the proper diag- 


bronchial secretions (Fig. 2), 
non-specific 
Fig. 
3) of the left lung revealed the typical 
histopathology ot 
The 


is used in this hospital with 


nosis. A needle aspiration biopsy 


pulmonary adeno 


matosis pre cedure of needle 


biopsy 


considerable success'*®, and in this in- 


stance established the diagnosis. In 3 
other of this tvpe it was 
ilso of value in establishing the diag- 
nosis 


One of the most interesting aspects 
4 this disease, and exemplified in this 
particular case, is the voluminous quan- 
tity of bronchial secretion produced 
over a long period. In less than 4 
months, our patient spat up about 78.2 
liters of expectorate. This far exceeded 
weight (67.1 Ke.), and 
imounted to some 20 gallons of fluid. 


his body 


ra daily average of about 650 cc. In 
one 24-hour period, there were almost 
2000 cc. of and on many 
days the expectorated fluid exceeded 
the urinary output. 

In addition to the large depletion 
of fluid elec- 
trolytes and other body stores occurred. 
it is estimated that in this period of 
observation (120 days) the patient lost. 
through the bronchial route, about 780 
‘m. of protein and about 470 gm. (over 
| pound) of sodium chloride. The 
losses of calcium, potassium, glucose 
ind other undetermined 


secretion, 


considerable losses of 


substances 
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are also significant when considered 
over such a long period. The fluid 
balance studies (Table 2) showed that 
the plasma volume was the only part 
of the body fluids which was reduced. 
This amounted to about 50% of normal 
The extracellular fluid was 
hypotonic because salt was lost in 
excess of water and one could there- 
fore assume that there had been some 
slight increase in the intracellular fluid 
volume. There was no appreciable re- 
the red cell per- 
haps in part because of hemoconcen- 


values. 


duction in volume, 
tration, in part because the pulmonary 
disease was stimulus to red cell pro- 
duction. No apparent deficiency of 
potassium was noted, but this did not 
exclude intracellular potassium loss. 

On the basis of these studies, it was 
estimated that the patient needed (in 
addition to daily requirements) about 
1500 ce. of water, 20 gm. of sodium 
chloride, and approximately 1000 gm. 
of protein. The details of dosage and 
mode of administration have been 
stated. The severe muscle cramps, las- 
situde, weakness, hvporeflexia, hypo- 
tension, appetite, and general 
debility, as well as the hemoconcen- 
tration and abnormal blood chemical 
values (Table 1) improved dramatically 
within a few davs after the institution 
of this parenteral and oral corrective- 
replacement therapy. 

The unusual degree of amylase ac- 
tivity demonstrated in the expectorate 
of this patient is unexplained. Whether 
the products of the glandular elements 
of this tumor possess high amylase 
activity, or whether this merely repre- 
sents an admixture of saliva during 
the process of expectoration, is not 
clear; however, the latter appears un- 
likely. Further studies on the amylase 
activity of the saliva of other subjects 
are being pursued at the present time. 

Surgical extirpation of the involved 
pulmonary is the only 


poor 
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method of 
However. 


for this 
our patient the 
extent and bilateral distribution of the 


treatment 
in 


curative 


disease 


precluded any such procedure. 


Roentgen therapy, although unsuc 
cessful when tried in other reported 
cases, was the only alternative. Al 


though producing no regression dem 


rABLI ) FLUID BALANCE STUDIES ON 
BRONCHORRHEA DUE TO PI 
lot fhid TOO 
In 11.200 
Plasn 1.555 « 
ted 2 S385 
Her itocnt 60 
800 
Pota n plas 
P SS erul r plasma 
tel SS 
lot hlorides mg 
lo extracellular chlorides 4.200 me 
otassiun $6.5 mEq 
ir potassium 71.2 mEq 
Nort fon basis of in t il fluid f 
ig 45 
Mi f | is Blue l'-1824 
onstrabl n roentgenographic films 
this therapy was followed by a sig 


nificant drop in the daily volume of 
Fi 
the treatment a second time. 
the ot 


before beginning 


expectorate 1) and encouraged 


CG, 
us to use 


Whereas 


pectorate 


average amount ex- 
the of 
1020 per day 


» about 470 cc. per day after 


therapy was about 
it fell t 
the first course of Roentgen-ravy ther- 
apy, and less than 300 cc. at 
the end of the 

Nitrogen mustard therapy was with- 


out benefit in our patient and a similar 
9 


ce 


per day 
second course. 


failure was reported in other cases? 


A OF PULMONARY ADENOMATOSIS 
speculated 


1) 


small 


the loss of 
be 


upon. The possibilities include: 


The mechanism of 


and electrolytes may 


a 


simple filtration of -water and 


molecular substances from an exten 


sive tumor in direct connection with 


ilveolar spaces; i. secretion of these 


substances by such a tumor with a 
MARCH 28, 1950, IN A PATIENT WITH 
LMONARY ADENOMATOSIS 
\ 
For 67.1 kK A 
12.900 14.000 
LO.000 10.900 
2 DOO 100 
SOO 
Hematocrit 4 
GOO 
1745 
47 
1.050 on 1410 wo 
10.400 me 11.200 
n 0.500 meg 
12.800 mg 16.500 
14.5 mEq I 15 Eq 
64.5 mEq I 0 0mEq 
f 


an inflammator\ 
exudate from such a The latter 
least of 
the relatively lowe1 protein content of 


glandular structure: 3 
tumor 
because 


seems contributory 


the expectorate and lesser depletion 
\ 
tion of a total prote in of 4.5 gm. per 
100 of be 
confirmed, and, we suspect, was prob- 
ably The of 


the several electrolvtes were approxi 


of blood proteins single observa- 


cc. expectorate could not 


in error concentrations 
mately those obtaining at the time in 


the blood of the 


first 2 observations on chlorides in the 


except in the case 


expectorate which gave values dis- 
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tinctly higher than those in the blood 
and, on one occasion, in the urine. 
The possibility of some secretory ac- 
tivity as well as simple filtration must 
be admitted. There is nothing to sug- 
gest a nervous mechanism, such as may 
have been active in the salt-wasting 
svndrome associated with cerebral dis- 
sease (meningitis) reported by Peters 
et al.*® and seen by us in similar cases 
to be published). 

Summary. 1 There is reported the 
twenty-first case of pulmonary aden- 
omatosis in which the diagnosis was 
established ante mortem. 

2. Cytologic study of the bronchial 
secretions suggested the diagnosis. 


3. Needle aspiration biopsy estab- 
lished the diagnosis. 

4. This is the first recorded instance 
of a bronchorrhea of such extreme de- 
gree that it resulted in fluid, electro- 
lyte, and protein depletion. 

5. Data on fluid balance and chemi- 
cal analyses of expectorate and blood 
before and after successful replace- 
ment therapy are presented. 

6. Roentgen ray treatment twice re- 
sulted in temporary but appreciable 
clinical improvement. 

7. Nitrogen mustard therapy gave 
no improvement. 

8. Injection of: bronchial secretion 
into guinea pigs produced no lesions. 


We acknowledge our debt to Dr. Chevalier L. Jackson for permission to study this patient 


Dr. Joan H. Long, who performed the fluid balance studies 
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4 COMPARISON OF PRECORDIAL ELECTROCARDIOGRAMS 
USING INDIFFERENT ELECTRODES V, CR, AND RS 


By Epwin FELDMAN, M.D. 
P. H. Wosika, M.D 
KE. S. Cursrow. M.D 
CHICAGO, ILLINOIS 


AND 


G. A. Prpettis, M.D 
\THENS, GREECI 


Ky the Oak Forest Infirmary, Oak Forest, Illinois; the Department of Medicin 

Chicago Medical School, and the Illinois Masonic Hospital, Chicago, Illinois 
THROUGH the use of unipolar electro- the positivity of the deflections of the 
cardiograms, many errors of interpreta CR and RS precordial leads as com 
tion have been avoided which were pared to the V leads. In addition the 
commonly encountered with the bi-  semi-direct CR and RS leads should 


polar leads. Diagnostic possibilities be similar in appearance. 


have increased but no unanimity of . The American Heart Association® 
opinion exists in regard to which indif was unable to recommend an_ indif 
ferent electrode shall be recommended _ ferent electrode for routine use. There- 


for routine use. The left leg (CF). fore, it was thought worth while to 
formerly popularly used as the indif- compare the following electrocardio 
ferent electrode, has now been grams employing, as indifferent elec 


ibandoned on theoretical as well as trodes, V, CR, and RS to determine 

practical grounds, since it has been if differences were present and, if so 

known that potential variations of the — their significance 

left leg influence the semidirect pre . 
Method. For this purpose electrocardio 

grams on 98 unselected ambulant patients 

. 

poses the small potentials of the Wilson from the Oak Forest Infirmary were studied 


cordial leads'-*. For all practical pur 


central terminal V would seem to The tracings were all obtained in the supine 


answer most objections, but its use position, the leads being: Standard leads | 
1 Wol II, III; augmented unipolar limb leads aV, 
oo iaS peen ques mone Ol- ‘Ve, precordial leads V. through 


ferth’® who recommends the area CR, through CR- and RS, through RS Th 


over the spine of the right scapula same chest positions were used for each in 
RS Myvers® has shown that potential different electrode All the measurements 


. : mad were corrected tor errors in st indardi 
variations of the heart mav be followed ' ' 
to the extremities and that a similarity 


exists between the area of the right P, ORS, and T waves in lead aV,, were made 
scapula ind the right arm. If this is providing the right arm potentials Similarly 
the measurements and directions of the P 
QRS, and T waves and the positions of the 
transition zone were recorded for the pre 
over the right scapula should increase cordial leads. Thus a comparison was pos 


true, then the predominantly negative 


potentials found in the right arm and 


This study was aided by a grant from the William R. and Edith M. Crawford Fund for 
Cardiovascular Research. 
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sible between the so-called indifferent elec- 


trodes. The tracings were divided into nor- 


‘| and abnormal groups, which, in the case 


f the precordial leads, were based upon the 
riteria established by Wilson and Myers?:19, 


Results. Table 1 shows the measure- 
ments of the QRS complex in aV» 
expressed as the algebraic sum of the 


mented lead, these figures are 50% 
greater than the actual potential varia- 
tions of the right arm. 

The location of the transition zone is 
indicated in Table 2. In the normal 
group the transition zone in the V 
leads ranges between chest position 2 
and 4 to 5. In all but one the transi- 


PABLE 1. MEASUREMENTS OF THE QRS COMPLEX aVy IN NORMAL 
AND ABNORMAL CASES 


Normals 


\ ye a Is 15 11—10 7—6 1+2 
Nu ) 12 12 6 
PrABLE 2. SHOWING POSITION OF THE TRANSITION ZONE FOR NORMAL 


AND ABNORMAL CASES 


Normal 


CR 12 13 
Rs 12 12 


\ l | 9 
CR 1 
RS 2 


total upward and downward deflections 
for normal and abnormal cases. In 88% 
4 the normal group and 58% of the 
ibnormal group the amplitude of the 
ORS deflections is minus 4 mm. or 
deeper. No positive QRS deflections 
were encountered in the normal groups 
ind only two were found in the ab- 
normal groups. Since aVp is an aug- 


10 ‘Is l 

9 12 l 
10 11 l l 

5 5—6 6 
15 6 5 ] 1 
17 ) 6 l - 1 


tion zone ranges between chest posi- 
tion 1 to 2 and 4 in the CR and RS 
leads. Among the abnormal cases the 
variation of the position of the transi- 
tion zone between the 3 indifferent 
electrodes is not so apparent, but the 
similarity between the CR and RS leads 
is striking. If the normal and abnormal 
groups are added together, the transi- 


Average 12 1] 10 7—6 5 1—0 +1+2 +3+4 
fhbnormals 
9 
oO 
) 

) ? ? ? 

\ 1S 
ts 
Abnorm 
n 
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ly 
P 
he 
- | 


FELDMAN, 


tion zone in the V leads in 91% of the 
cases ranges between chest positions 
2 to 3 and 4 to 5. However, in 92% 
of the CR leads and 90% of the RS 
leads the transition zone falls between 
position 1 to 2 and 4. 

The configuration of the P waves is 
illustrated in Table 3. In 78% of the 


cases in the normal group the P wave 


WOSTK A, 
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over the left precordium, but a general 
tendency toward greater positivity of 
CR and RS leads was evident. 

Table 4 shows a comparison of the 
R waves and S waves (V, CR, and 
RS) from chest positions 1 and 2 of 
the normal group. For this comparison 
a difference of more than 2 mm. existed 
before it was considered significant. 


in V, is either inverted or diphasic, In V, the R wave was lower than in 
rABLE 3 rYPES OF P WAVES AMONG NORMAL AND ABNORMAL CASES 
Nore: Technically poor aVa in 1 normal case prevented P wave measurements 
Vo 
Pu CR RS CR RS 
Dipl ( 11 
{ J Is 


PABLE 4.- COMPARISON OF QRS COMPLEXES FROM THE RIGH 
PRECORDIUM IN NORMAL CASES 


CHEST 

R War 
\ CR RS 8 cases 
\ CR RS $2 cases 
(CHEST 

R Wa 
\ CR RS 26 cases 
\ CR RS 24 cases 


whereas in CR, and RS, the P waves 
are either isoelectric or upright in 84 
and 80% of the cases, respectively. Ex- 
cluding 6 cases of auricular fibrillation. 
a similar tendency toward greater posi- 
tivity of the P wave in CR, and RS, 
is shown in the abnormal group. In 
96% of the normal and 90% of the 
abnormal cases the P wave in aVp is 
inverted. No differences in the direc- 
tion of the P waves were encountered 


Posttion 1 
S Wa 
\ CR RS > cases 
\ CR Rs 15 cases 
Position 2 
S Wa 
\ CR Rs 21 cases 
\ CR Rs 29 Cases 
CR, or RS, in 8 of 50 cases. In 42 


of 50 cases the R waves in V,, CR; 
and RS, were equal. Several tracing: 
disclosed a QS complex at chest posi 
tion 1 for all 3 indifferent electrodes 
These were recorded as equals unde: 
the R wave classification. Ordinarily a 
chest position 1, the R waves are o 
such low amplitudes that precise meas 
urements are prevented. According 
the S wave measurements are com 
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pared. In V, the S wave was deeper 
than in CR, or RS, in 35 of 50 cases. 
The S wave was of equal depth in V;, 
CR,, and RS, in 15 of 50 cases. 

At Ve (Table 4) the R wave was 
smaller than in CR» or RS» in 26 of 
50 cases and all were equal in 24 of 
50 cases. The S wave at Vo was deeper 
than at CR. or RS, in 21 and equal 
in 29 of the 50 cases. In all these 
normal cases the R and S waves were 
equal in comparable CR and RS leads. 


At V. (Table 5) the R wave was 
lower than in CRe or RS» in 9 of the 
47 cases while in 37 of 48 cases all 
were equal. One case exhibited a taller 
R wave in CR. than in either V» or 
RS». Another case disclosed a smaller 
R wave in RS. than in V» or CRo, the 
latter being of equal amplitude. The 
S wave in Vs was deeper than in CR. 
or RS» in 21 of 48 cases, and in 20 
cases all were equal. Seven cases re- 


vealed a deeper S in CR» and RS» than 


PABLE 5.) COMPARISON OF QRS COMPLEXES FROM THE RIGHT 
PRECORDIUM ABNORMAL CASES 


Cnest Posrrion | 


R Wares S Wan 
\ CR Rs 3 Cases \ CR Rs 22 cases 
\ CR Rs 2 cases \ CR Rs 1 causes 
Rs CR \ 1 case \ CR Rs be cuses 
\ CR = RS $0 causes CR \ Rs 1 case 
Crest Posrrion 2 
R War S Ware 
\ CR Rs 9 cases \ CR RS 21 cases 
\ CR Rs 37 cases \ CR Rs 20 cases 
CR \ Rs 1 case \ CR Rs 7 cases 
Rs \ CR 1 case 


Table 5 represents a comparison of 
the QRS complexes from the right pre- 
cordium of the group classified as ab- 
normal. In V, the R wave was smaller 
than in CR, or RS, in 5, taller in 2 
ind equal in 40 of the 48 cases. In 1 
instance the R wave in RS, was taller 
than in CR, or V,, the latter being 
equal. The S wave in V, was deeper 
than CR, or RS, in 22, less deep in 4, 
ind equal in 21 of the 48 cases. One 
case showed a smaller S wave in CR, 
than in V, or RS,, the latter being 
qual 


in Vo, the former being equal. The QS 
complex at the C; or Cy» position was 
classified as in the normal group. The 
presence of a Q wave in 1 lead and 
not in another is described in detail 
later. 

Comparisons of the R waves from 
the left precordium in the normal 
and abnormal groups are recorded in 
Table 6. Since the S waves corre- 
sponded so closely to the R differences, 
or were frequently absent, thev are 
not tabulated. In 34 of 50 normal cases 
the R wave at V; and Vz, was lower 
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than that in and while in 
14 cases all were of equal amplitude. 


WOSIKA, 
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waves in V,; were inverted or diphasic 
in 25 of 50 cases, while in CR, and RS, 


In cases the R wave in CR;., was the T waves were isoelectric or upright 
taller than that of V5... or RS;.4, the in 48 of 50 cases. At chest position 2 
latter being equal. In 32 of 47 cases upright T waves were displayed in 
of the abnormal group the R wave in 46, 49, and 48 of 50 cases for V2, CR» 
\ was smaller than in CRs. and and RS, leads, respectively. Similan 
RS; 6, while in 13 cases all were equal. high percentages for upright T waves 
TABLE 6.) COMPARISON OF R WAVE FROM THE LEFT PRECORDIUM 
IN NORMAL AND ABNORMAL CASES 
CHES’ PostTiONs JAND OG 
RU Vo R Ware Ab 
\ CR Rs SOS \ CR Rs Cuses 
\ CR RS 14 cases \ CR Rs 18 cases 
CR \ Rs CR \ Rs 
TABLI SHOWING T WAVE TYPES AMONG NORMAL AND ABNORMAL CASES 
NOT} In 2 of the normal cases the T wave in aVp could not be measured. while in 4 
of the abnormal cases the T waves were unmeasureabl 
Vorma 
ru CR RS CR RS J CR RS CR RS 
Invert ) ) 
Diphas 
fbnorma 
J CR RS J CR RS J CR RS | CR RS | 
Inver 12 7 r 7 19 18 19 24 
Diph 4 ; } l 
Isoelec ) | 2 
Upr ) 0 0) 6 0) ) 19 Is 12 


Two cases showed a taller R in CRg ¢ 
than RS;.«, the latter being 
equal. Measurements be 


case because of the exces- 


In or 


could not 
made in ] 
sive height of the R waves. 
Throughout the series no gross varia- 
the level of the ST 


or segment were encountered. 


tions in junction 


[ wave patterns are represented in 


Table 7 


In the normal group the T 


were found at chest positions 5 and 6 


in V, CR, and RS. In lead aV,, the 
T waves were inverted in 45 of 48 
cases. 


In the abnormal group (Table 7 
the T in V, inverted 
diphasic in 18 of 44 cases, while in CR, 
and RS, the T waves were inverted or 
diphasic in 8 and 9 of 44 cases, respec 
tively. At chest position 2 upright T 


waves were oO! 


he 
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waves were present in 34, 36, and 36 
of 44 cases for Vo, CRs, and RSs», re- 
spectively. Similar T wave patterns 
are exhibited in V, CR, and RS leads 
from chest position 5 and 6 with almost 
equal division of the majority of T 
waves into upright or inverted groups. 
Only 24 of 43 aV_ leads displayed an 
inverted wave. 


The T wave changes are compatible 
with the diagnosis of acute cor pul- 
monale, although usually the greatest 
inversion is from the right, decreasing 
as the exploring electrode is moved 
toward the left. No support for this 
diagnosis was found clinically. The QS 
pattern from the right precordium 
suggests the diagnosis of anteroseptal 


RS 


Fic. 1.—Tracing shows differences between V, CR, and RS leads in a case of anteroseptal 
nfarction. Note: Variation in P waves, amplitude of QRS complexes, minute q wave in V, 
and RS,, and variations in T waves. 


Individual tracings were studied to 
determine whether any of the varia- 
tions encountered were sufficiently sig- 
nificant to alter the diagnoses. Of the 
50 cases classified as normal, no diag- 
nostic differences existed whether the 
indifferent electrode was V, CR, or RS. 

Surprisingly enough, very few of the 
curves considered abnormal showed 
any significant differences. Seven cases 
were diagnosed as suspicious or def- 
inite anteroseptal infarction, none 
recent. Fig. 1 is typical of these cases. 


infarction and is present in V, CR, and 
RS. The absence of q waves from the 
left precordium suggests that the in- 
farct is confined to the septum or 
extends subendocardially only, into 
the anterior wall of the left ventricle. 
In either instance the activation of the 
septum is from right to left. The lack 
of slurring of the upstroke of the R 
from positions over the left chest speaks 
for the infarct being limited to the 
septum. Assuming that the exploring 
electrodes have been correctly placed, 
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diagnostic points are present in the V 
leads, not present in the CR or RS 
leads. The inverted P waves in the V 
leads indicate that the electrode was 
far enough to the right over the atrium. 
At chest position 4 the minute q pre- 
ceding the S wave is present only in 


the V and RS but not CR. which 
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anteroseptal infarction in the V, and 
leads entirely unsuspected from 
either the CR or RS 
instance the transition zone is at chest 


position 2 and is of low amplitude be- 


leads. this 


cause the potential variations of each 
veutricle tend to cancel each other. 


It will be noted that aV, is quite 


Pic. 2.—Tracing shows borderline left ventricular hypertrophy and suspicion of anteroseptal in- 


farction. Note marked variations between V., CR, and RS., 


speaks strongly for an infarction being 
the underlying pathology, rather than 
an acute cor pulmonale. In addition 
the non-specific differences generally 
encountered throughout the series can 
be seen. 

Fig. 2 shows borderline evidence of 
left ventricular hypertrophy. In addi- 
tion there is suggestive evidence of an 


deep. Thus, in CR, and RS, the curve 
represents chiefly the potential varia- 
tions of the right arm and the right 


scapular area overshadowing the lowe 
precordium. This 
obscures the pattern of the anteroseptal 
infarction. 

The V leads of Fig. 3 show a rela- 
tively large R wave without a_suc- 


voltage from the 
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ceeding S wave at chest position 4 
\ prominent Q is noted preceding the 
It, not present in either CR or RS. The 
time interval from the beginning of 
the QRS complex to the onset of the 
intrinsicoid deflection is abnormally 
long, and longer than that found in 
Vy or Vz. The S wave is prominent in 
leads Vs¢67. These findings indicate 
right ventricular hypertrophy, although 

conduction defect of the outer wall 


diagnostic changes in the CR and RS 
leads. However, without the aid of 
additional leads from the right pre- 
cordium the diagnosis was considered 
tenuous and the tracings were with- 
drawn from this group. 

In other tracings the V, CR or RS 
leads show left ventricular hyper- 
trophy. No diagnostic differences were 
encountered among the remaining 
examples of left ventricular hyper- 


aVi 


ic. 3.—Probable right ventricular hypertrophy with prominent Q wave and delayed intrin- 


sicoid deflection in 


of the right ventricle is not excluded 
entirely and additional leads farther 
to the right would have been helpful. 
Since, however, R in V»2 is taller than 
R in V,, in all probability the hyper- 
trophy is of the outflow tract (pul- 
monary conus) rather than the tri- 
cuspid ring®. 

Of 2 cases originally suspected of 
right ventricular hypertrophy on_ the 
basis of the V leads, 1 failed to reveal 


not seen in CR, or RS,. 


trophy (15), posterior infarction (5), 
posterolateral infarction (3), or right 
(6) and left bundle branch block (3). 


Discussion. It is known that the 
extremity potentials influence the char- 
acter of the precordial tracings, pro- 
ducing, in effect, a bipolar electro- 
cardiogram. For these reasons the 
attempt was made to develop an indif- 
ferent electrode of zero potential'®™. 
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The adoption of the central terminal 
has not been universal. 

Theoretically a CR lead is the alge- 
braic sum of thet chest and right arm 
potentials, but the effect is not equal, 
for one may dominate the other. Thus, 
a negative potential in the right arm 
would add to the positivity of the pre- 
cordial tracings or a positive potential 
would increase the negativity. It is 
known that the right arm potentials 
are predominantly this 
present work shows again, and there- 


negative, as 


tore, the CR electrocardiogram is more 
positive than a similar curve would be, 
the central terminal. Theoret- 
ically it should be possible to predict 
the curve obtained from the CR leads 
by applving the formula: V—2/3 
CR. To prove this practically, all 
points on the curves should be pre- 


using 


cisely matched, and since simultaneous 
curves were not available for this study. 
present comparisons were made on the 
total ORS n 


Right scapular potentials similarly 


easurements. 


affect the RS electrocardiogram. These 
potentials have been shown to be simi- 
lar to those of the right arm® when 
paired with the central terminal. Be- 
cause the the central 
might seem technically 


use of terminal 
discriminatory 
when used to prove the lack of indif- 
ference of the right scapula, further 

between RS leads and 
comparable known bipolar leads (CR 
presented 


COMpa?Plsons 


Throughout the series 
of RS and CR 


are 
the similarity remains 
evident 

One readily apparent effect of the 
in positivity of the chest leads 
when the CR and RS electrode is em- 
ployed is seen in the shift of the transi- 
tion zone to the right by % to 1 chest 
position. This cannot be attributed to 
iny variation in the position of the 


Increase 


heart or to technical procedure, since 
the tracings were made from the same 
positions and during 1] period. The 
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that the transition zone is 


displaced to the right might be cir 


mere tact 
cumvented by recommending leads fur- 
ther from the right, that is, CRgp, CRyr. 
RSyp. Whether or not these leads 
might be useful remains to be proved 
The great the CR 
and RS that the 
two have similar potential variations. 


similarity between 


leads must indicate 

The configuration and direction of 
the P, ORS, and T waves illustrate the 
tendency toward increased positivity 
of these waves in the CR and RS leads 
P waves become upright in the CR and 
RS leads and thus the help obtained in 
localizing the position of the electrode 
in relation to the heart and the posi 


tion of the heart in the chest is lost 
The predominantly negative P wave 
seen in aVpy, is considered to be the 
cause. The greater positivity of the 
ORS wave is amply demonstrated. The 
similarity between the T waves overt 
the left chest is more apparent than 
real, since only the direction of the 


wave and not the actual measurement 
is recorded. The position of the heart 
did not seem to influence any of these 
observed changes. 

From a theoretical standpoint dif- 
ferences should be great enough to al- 
several conditions 


ter diagnosis in 


Among these are cases of anteroseptal 
be 
cases in which 


might easily ob- 


which g 


scured (Figs. 1 and 


infarction 


a high voltage exists in aVp, (Fig. 
and in certain cases of right ventricular 
hypertrophy where there is a promi- 
in aVr (Fig. 3 


nent R The present 


series is not notable for a large num 
ber of such examples. However, they 
do occur, and it is hoped that future 
work will illustrate more of these dif 
ferences either through a larger num- 


ber of cases or through a careful se 


lection of examples. Actual differences 
in diagnostic possibilities have been 
this of 
Furthermore. series 


small series 


the 


shown. even in 


cases. small 
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emphasizes without question, the simi- 
larity between the right arm and the 
right scapular potentials when _ their 
effect, as exerted on the precordial 
leads, is compared with the central ter- 
minal leads. These facts lead normally 
to the recommendation that the cen- 
tral terminal be employed routinely in 
all ordinary electrocardiographic work. 

Summary. Recognizing the need for 
standardization of electrocardiographic 
leads, 98 electrocardiograms taken at 
Oak Forest Infirmary were surveved. 
Phe following leads were available for 
study: I, II, II, aV,, V; 
through V;, CR, through CR;, RS, 
through RS;. The problem posed was 
whether significant differences existed 
between the curves depending upon 
the type of indifferent electrode 
( mployed 

In leads from the right precordium 
both P and T waves were more posi- 


— 


tive in the CR and RS leads. The QRS 
complexes showed a similar tendency. 
In 2 cases, 1 of anteroseptal infarction 
and 1 of right ventricular hypertrophy, 
the size and shape of the complexes 
differed sufficiently among the various 
leads to result in differing diagnoses. 

The variations between the V, CR. 
and RS leads were attributed to the in- 
fluetice of the right arm potentials as 
seen in aVx. In almost all cases aVp, ex- 
hibited a predominantly negative de- 
flection which would increase the posi- 
tivity of the precordial leads when the 
right arm was used as the indifferent 
electrode. The striking similarity be 
tween corresponding CR and RS leads 
led to the conclusion that the right 
scapula is not completely indifferent 
but exhibited a potential similar to that 
of the right arm. 


rs wish to thank Dr. P. J. Giannini for his help in obtaining these electrocardio- 
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THE acute 
which affected 


(Los Angeles in 


poliomyelitis epidemic 
over 3.000 persons in 
1948 initiated a con 
certed effort to understand some of the 
pathological biochemical mechanisms 
found in this disease. Two phases of 
this study have already been reported 
the alterations in serum protein levels 
together with the effects of treatment 
by irradiated human plasma*, and the 
changes in serum electrolytes, 

This with the 
very losses of nitrogen and po 


study is concerned 
large 
tassium occurring in the acute phase 
of the disease and with the relation 
ship of the magnitude of these losses 
to the severity of the disease process. 
important because 
they have proven to be of prognostic 
and therapeutic significance. Data for 
these observations were obtained from 


These losses are 


17 cases on one ward in which in- 
tensive biochemical studies were made 
for periods up to 3 months. 

The term “toxic destruction of pro 
tein” has been applied to this phe 
nomenon which has been recognized 
in a large variety of such 
as acute hemorrhage, surgical opera- 


conditions 


tions, traumatic injuries, and various 
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infectious 
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AL EVANGELISTS 
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he Los Angeles ¢ ounty General Hospit 
the ( olle ge oft Medi 1 i 


ingelists 


diseases! Recently 
has incorporated this concept into the 
broad framework of the general adap 
tation syndrome, in which non-specific 
catabolic 


break 


damaging agents produce a 
impulse” characterized by a 
down of body proteins 

It has obs« rved in 
conditions other than poliomyelitis that 


the magnitude of the 


already been 
nitrogen loss 
appears to be related to the ultimate 
severity 


of the disease and not to its 


immediate clinical appearance'®. Th 
usefulness of this means of assaving 
the severity of the poliomyelitic case 
will be apparent from the 
this study. 

In addition to these 


manifestations, there 


results of 


urinary nitrogen 
re characteristic 


alterations in the serum proteins such 
is an abrupt drop in the albumin frac- 
tion and also in the free amino acid in 
the catabolic reaction to injurv'® 

These serum protein alterations have 
been confirmed in poliomyelitis, to 
gether with alterations in electrophor 
etic patterns characterized by increase 
in alpha and beta globulins?" 

Since potassium is the dominant cat 


ionic component in protoplasm, its in 
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W 
a 

| 
| 

| 

| 


BOWER, MORGAN, CHANEY! NITROGEN AND POTASSIUM METABOLISM 533 


timate relation to the protein changes 
would be anticipated, but very little 
information with respect to its me- 
tabolism in human _ poliomyelitis 
available. 


Data and Methods. Opyecrives. The pri 
mary Objectives of this phase of the bio- 
hemical studies were: 1) To determine the 
existence of abnormalities in protein or potas- 
sium metabolism, 2) to correlate if possible 
the biochemical patterns with the clinical 
ourse of the disease, for a better under- 
standing of the physiology of the disease, and 
3) to assay the value of these biochemical 
findings for prognostic and therapeutic pur- 


rABLE 1.—SALIENT CLINICAL DATA 
Severity Skeletal Muscle Involvement 
Mild Paralysis or involvement of 


l limb only 


Moderate Bilateral severe paralysis of 


lower limbs and of trunk 
or respiratory muscles 


Severe Severe paralysis of trunk or 


respiratory muscles or of 
ill 4 extremities 


SELECTION AND CLASSIFICATION OF CASES 
he 17 patients in this study were on a single 
vard, and all were acutely ill on admission 

shortly thereafter. All had _ respiratory 
nvolvement, and nearly all required the use 
f the respirator. Tracheotomy was performed 
n 14 patients. These patients were either 
laced on a specific dietary regimen, or fed 
irenterally or by gastric drip, so that their 
ntake could be calculated for nitrogen and 
lectrolyte balance studies 

Estimation of the degree of ultimate sever- 

was based on evaluation of the subsequent 
tatus of the muscles by physicians and phys- 

il therapists 1 to 3 months after admission. 
ible 1 shows the criteria for this classifica- 
m, together with the anatomical diagnosis 
nd the number of cases of each type. 

BiocHemicaL Data. All chemical work was 
erformed in a research laboratory under the 
irection of one of the authors (Albert L. 
haney and included the following: Blood 
erum: Sodium, potassium, chloride, bicar- 
mate, pH, albumin globulin, and hemato- 
t; Urine: Sodium, potassium, chloride, and 
ital nitrogen 


The techniques used have already been 
described?.*, It should be noted that the albu- 
min globulin fractionation was carried out by 
the use of 22.5% sodium sulfate (Howe separa- 
tion)!4.16,17, Recent work indicates that the 
albumin fraction so determined includes the 
alpha globulin, and hence actually the true 
albumin is lower than that recorded!2. 

Blood samples were taken every other day 
between 10:00 a.m. and 12 noon. Urine was 
collected for 24 hour periods, daily. 


Results and Comments. An analysis 
of the data obtained on these 17 cases 
indicates that in general the course of 
the disease is divisible into 3 phases: 
an acute catabolic phase, a subacute 


IN 17 CASES OF POLIOMYELITIS. 
Anatomical Diagnosis Case 
Bulbar 
Bulbar-spinal ] 
Bulbar-spinal 
Spinal 2 
Bulbar-spinal 4 
Spinal 8 


catabolic phase, and an _ anabolic 
phase. Variations from this general 
pattern occur and are included in the 
diagrammatic sketch (Figure 1). 

The characteristics of each phase 
will be considered separately. 

Acute Puase. The acute 
catabolic phase is present in all cases 
and is characterized by: a) excretion 
of large quantities of nitrogen and 
potassium in the urine, indicative of 
protoplasmic breakdown; b) a rapid 
drop in serum albumin, accompanied 
by a rise in the serum globulins. Serum 
potassium values may range from sub- 
normal to excessively high levels, as 
will be discussed |Jater. 

There appears to be a direct rela- 
tionship between the duration and 
magnitude of this excessive protein 
destruction and the severity of the 
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disease process as evaluated by neuro- 
muscular examination in the convales- 
cent stage. This is apparent from Table 


2 and Fig. 2. 


NITROGEN 


AND POTASSIUM METABOLISM 


nitrogen ratios. It has been pointed 
out that, if potassium is expressed i 
milli-equivalents and nitrogen in grams, 


the theoretical ratio of these elements 


In order to compare results in polio- is 2.7 to 1 for protoplasmic break- 
myelitis with the similar nitrogen down! "'!?!, In actual cases, the ratio 
CATABOLIC PHASE ANABOLIC 
ACUTE SUBACUTE PHASE 
SAZOTEMIA 
UPPER 
LIMIT if T 


SERUM NORMAL ALB. K 


RANGE | I 


LOWER | 
LIMIT 


UPPER 
LIMIT T 


URINE nance 


LOWER 
LIMIT 


HYPOPOTASSEMIA 


ALB.'GLOB, K 


] 


ALB. ‘GLOB. K 


Til 


K 27 K 


4 


HYPOPOTASSEMIA 


gum = MOST FREQUENT PATTERN 


Fic. 1.—The 


in outline. Low serum potassiums are 


ec 


accompanied by 


FREQUENT PATTERN 


arrows indicate both the direction and the degree of the deviation from the normal 
The most frequent pattern is represented by solid arrows, 


and less common deviations by arrows 


decreased urinary excretion and 


lowered potassium to nitrogen ratio 


TABLE 2.—FEATURES OF ACUTE 


CATABOLI( 


PHASE OF POLIOMYELITIS. 


Average Peak Nitrogen 
Classification Time of Peak Nitrogen Excretion Excretion, gm./day 
Mild 3rd day after admission 17 gm./day 
Moderate 7th day after admission 25 gm./day 
Severe 12th day after admission 12 gm./day 


losses in other conditions, 
been 
Ratio oF Urinary PorasstuM TO 
Nrrrocen. A useful confirmation of the 
concept of tissue destruction in this 
phase may be obtained from the rela- 
tionship of urinary potassium to 


Table 3 has 


is also influenced by the relative intak« 
of potassium and protein and by thé 
state of body During the 
this ratio wa 
In the majorit 
values ranged fron 
As might be anticipate: 


reserves. 
acute catabolic phase, 
closely approximated. 
of the cases the 
2.4 to 3.0. 


/N2 
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when serum potassium levels were 
low, indicating depletion of the re- 
serve, the tendency toward conserva- 
tion of potassium caused the ratio to 


be less than 2.4. Fig. 3 illustrates these 


Oo 


ho 


are similar to those of the acute phase, 
but less marked. There is a continued 
excess of excretion over intake for po- 
tassium and nitrogen, but at a lesser 
rate because of depletion of both re- 


SEVERE 
MODERATE 


Total urine nitrogen (gms) 


2 4 


10 12 14 16 18 


Days after onset of clinical paralysis 


ic. 2.—Schematic relationship of total nitrogen excretion to severity of neuromuscular involve- 

ent in acutely ill patients, in whom minimal residual neuromuscular changes occur reach a 
peak average nitrogen excretion of 16 gm. on the 3rd hospital day, which promptly decreases to 
normal. Severe ultimate paralysis is manifested by a progressive rising nitrogen excretion which 
ittains an average peak of 42 gm. on the 12th day with gradual subsidence thereafter. The 
\itrogen excretion pattern for moderate degrees of involvement is intermediate in character. 


rABLE 3.—NITROGEN LOSSES IN CERTAIN OTHER PATHOLOGIC PROCESSES. 


frauma (skeletal fractures ) 
Operations (appendectomy ) 
Burns 
Acute infections 

i Scarlet Fever 

b Pneumonia 

Meningitis 
d) Meningitis with polyarthritis 


relationships. In some severe cases re- 
quiring a respirator and_ parenteral 
feeding, the initial excretion of potas- 
sium was the dominant factor giving 
i ratio in excess of 3.0 to 1. 

SupacuTte Carasoiic PuHase. The 
characteristics of the subacute phase 


Average Peak Nitrogen Excretions, 
gm./day 
11 
13 
30 


24 
34 
33 
141 


serves. When adequate amounts of 
potassium are given, the ratio of K:N 
is primarily determined by potassium 
intake, and exceeds 3.0 to 1. Serum 
albumin remains low but may rise 
gradually, while globulins are per- 
sistently elevated, with serum potas- 
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CATABOLIC 
ACUTE SUBACUTE ANABOLIC 


NEGATIVE Kand N BALANCE POSITIVE Ke N BALANCE 
NORMAL SERUM 
POTASSIUM 
NORMAL K:N RANGE 
HYPOPOTASSEMIA or EX> < 
CESSIVE N BREAKDOWN 
DUE TO 
HEMOLYTIC REACTION 
HEPATIC INJURY 
PULMONARY EDEMA 
or ATELECTASIS 
Fic. 3.—Schematic relationship between urinary excretion of nitrogen and potassium. The dif 
ferent patterns occurring during the course of the disease are indicated by the varying pathways 
shown in the diagram. A primary determining factor is the serum potassium level. With a normal 
serum potassium, the potassium to nitrogen excretion ratio remains normal or greater than 


normal. Subnormal ratios are due to hypopotassemia, or complications causing excessive nitrogen 


bre akdown 


=——}- USUAL PATTERN OF DISEASE 
aw = EXACERBATION OF DISEASE 
COMPLICATIONS : 
: pulmonary edema or atelectasis 
metabolic alkalosis 
hemolytic reaction 


nepatic damadqe 


Fic. 4.—Relationship of phases of metabolism 
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siums in the normal range unless 
intake is abnormally low. 

This phase was noted in 1 moderate 
and 5 severe cases and ranged from 
2 to more than 30 days in duration. 

ANABOLIC Puase. The anabolic phase 
is characterized by synthesis of pro- 
tein with positive balances of potas- 
sium and nitrogen. Urinary excretion 
levels are low, and the ratio of K:N 
reflects intake and the relative de- 
mands in relation to body reserves. 
Serum albumin values approach nor- 
mal in “Mild” and “Moderate” cases, 
but may be persistently low in “Se- 
vere” cases for months. Serum globu- 
lins remain elevated, and potassium 
levels are normal except when intake 
is insufficient to meet the demands of 
tissue synthesis. 

Data on this phase were obtained 
for approximately 2 months on 6 
severe Cases, 

Deviations from the general pattern 
occurred in a number of instances and 
ire illustrated in the diagram, Fig. 4. 
In the mild cases, the subacute phase 
was minimal or absent. In the severe 
cases, some terminated fatally in the 
cute phase and others reverted from 
the anabolic to the catabolic phase 
due to other complications or an 
exacerbation of the original process. 

Urinary Excretion. The 
24-hour urinary nitrogen excretion was 
found to be the single most reliable 
index of the catabolic process and of 
the transition from this to other 
phases. Those patients in shock with 
decreased renal output provide the 
exception to this generalization. Con- 
sequently. the duration and magnitude 
of the catabolic and anabolic periods 
ire based principally upon data ob- 
tained from these measurements. 

The onset of the acute catabolic 
process is variable when correlated 
with the development of detectable 
paralysis. In 2 cases, a lag in the oc- 


currence of a negative nitrogen bal- 
ance was noted. In these cases a 
positive nitrogen balance was. still 
present on the 3rd and 7th days, re- 
spectively, after the onset of clinical 
paralysis. A subsequent negative ni- 
trogen balance then ensued. In 13 
cases, the catabolic phase was already 
evident by the 3rd to 8th days after 
the onset of paralysis when urine 
studies were begun. 

SERUM Protetns. The general pat- 
tern of serum protein levels has been 
reported in a previous analysis of 72 
cases*. Table 4 and Fig. 5 summarize 
the findings for the 17 cases of this 
group in the different phases of the 
disease. 

It will be noted that the drop in 
albumin is correlated with the severity 
as judged by the criteria of this study, 
that in severe cases the levels remain 
persistently low, and globulins are 
persistently elevated. 

Irradiated plasma at the rate of 5 
ce. per pound (body weight) per day 
for a period of several days was used 
in a number of cases. It was observed 
that only a temporary retardation of 
fall of serum albumin was produced 
in the severe cases, but in the mild 
cases a temporary elevation above the 
initial level sometimes occurred. 

SeruM Potassium. Analyses of these 
data indicate that an adequate intake 
of potassium ranges from 3 to 5 gm. 
per day throughout the course of the 
disease, with sodium requirements 
ranging from 1 to 3 gm. per day. Since 
serum potassium levels covering the 
whole range both above and below 
normal were found, an elaboration of 
the factors governing these levels is 
desirable. These factors are: 1) Potas- 
sium (and sodium) daily intake; 2) 
abnormal losses, as tabulated below; 
and 3) state of hydration and renal 
function. 
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High Potassium Levels are due to PoTAsstUM—NITROGEN RELATION- 
|) dehydration and low renal blood snips. As has been previously men- 
How; and 2) cell to serum shift due to tioned, the destruction of tissue is 
asphyxia or epinephrin and replace- accompanied by the excretion of po- 
ment by sodium. tassium and nitrogen in a proportion 

Low Potassium Levels are due to approximately 2.7 mEq. of potassium 
|) inadequate intake (anorexia); and per gram of nitrogen. During the acute 
2) excessive loss from a) tissue cata- catabolic phase, severe depletion of 
bolism; b) metabolic alkalosis from both protein (as illustrated by serum 


TABLE 4.—~AVERAGE SERUM ALBUMIN AND GLOBULIN VALUES IN THE SEVERAI 
PHASES OF 17 CASES OF POLIOMYELITIS 


Acute Cataboli: Subacute Anabolic 
Alb. (gm Glob. ( gm.) Alb gm Glob gm Alb vin Glob gin 
Mild $3 2.8 1.7 2.8 
severe 3.4 3.0 3.6 3.2 3.4 
6) SEVERE MODERATE MILD 


4 - 
| 
17 | | 
| 


A Ss A An 
A= ACUTE CATABOLIC PHASE = = ALBUMIN +ALPHA GLOBULIN 
S = SUBACUTE CATABOLIC PHASE 


Fic. 5.—Serum protein changes during catabolic and anaboli: phases. 


excessive parenteral saline and glu- albumin) and potassium occurs. 
cose; c) naso-gastric suction; and d) Potassium depletion may .be rapidly 
diarrhea overcome by oral or parenteral admin- 


Examples of high serum potassium _ istration, but tissue protein and serum 
levels are provided in Case 2, and low albumin are only slowly resynthesized 
values are illustrated by Cases 1, 3, by the liver. The rate of synthesis 
4, and 6. appears to be related to the severity 
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of the catabolic process, being very 
slow in the severe cases and more rapid 
in the mild. 

The relationship of potassium and 
nitrogen is particularly useful in judg- 
ing the potassium requirements. A low 
K:N ratio during the acute catabolic 
phase is indicative of severe potassium 
depletion. Potassium deficits are due 
to excessive urinary loss (catabolic 
phase) and to increased retention ac- 
companying tissue synthesis (anabolic 


phase 


inal reflexes; bladder paralysis, and paresis 
of both legs, but no intercostal or diaphragm- 
atic weakness. 

Spinal Fluid Findings were: a ground glass 
appearance, sugar normal, Pandy 1 plus, total 
protein 93 mg. per 100 cc., 116 cells; 52 poly- 
morphonuclears, and 64 lymphocytes. 

Course. With development of intercostal 
weakness and breathing difficulty, the patient 
was kept in the respirator from the 6th to 
the 12th day after admission. Vital capacity 
was 52% 2 weeks later. Hypertension ranged 
fiom 160/100 to 170/110 and was continu- 
ously present. 

Final Evaluation showed marked paralysis 
ot both legs, considerable weakness in the 
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1c. 6.—Changes observed in uncomplicated severe poliomyelitis, Case 1, W.R., male, aged 21 


VI 


Phe potassium and nitrogen balance shown in this and subsequent diagrams are the total 


urinary excretions less the corresponding intake. 


Case Histories. These relationships are illus- 
trated in the following 6 case histories. The 
biochemical findings are shown graphically 
in Figs. 6 to 11. 

SEVERE POLIOMYELITIS. CAsE 1. A Cauca- 
ian male, aged 21, had lumbar backache 5 
days before admission, followed by headache, 
fever, malaise, stiff neck, nausea, vomiting, 
nd urinar’ry retention, and marked weakness 
both le vs 

Clinical Examination showed him to be 
well developed. Neurological findings included 
marked stiffness of neck and hamstring mus- 


les, absent deep tendon reflexes and abdom- 


diaphragm and the right arm, bladder paraly- 
sis, and scattered weakness of intercostal and 
neck muscles. 


Comment. This is a severe catabolic 
process followed for 36 days with 
change from acute to subacute esti- 
mated at the 17th day. There was high 
nitrogen excretion from the 8th to 18th 
day with 67 gm. on the 10th day. 
Lesser negative nitrogen balance con- 
tinued from the 18th to the 36th day. 
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The albumin level of 3.3 gm. on the 
19th day increased to 4.3 gm. Globulin 
ranged from 3.1 to 3.6 gm. Hypopotas- 
semia was present from the 12th to the 
15th day, preceded by 4 days of large 
urinary excretion accom- 
panying peak nitrogen excretion. Sub- 
and 


potassium 


sequent serum urine potassium 


levels were normal. 
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intercostals; paresis of both legs, left ankk 
jerk absent, positive Babinski reflexes bilat 
erally 

Spinal Fluid Findings were 
appearance, 


a ground glass 
sugar, 34 
and 6 polymorpho 


Pandy trace; normal 


cells; 28 lymphocytes, 
nuclears, culture Staphylococcus aureus, coag- 


ulase negative. 


Course. Tracheotomy was performed and 
the patient placed in a respirator and plasma 
therapy instituted on admission. Cyanosis 


POTASSIUM meq 
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SERUM 34 ACAI 
3 4 
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29+- 5.6 
16 } — 4.1 
URINE -2.0 4 -51 
gm./24 hrs. 0} 
PROTEIN 
ALBUMIN 50} 
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GLOBULIN 25 
gm. /100 ce. 
URINE N -104 
m/24hrs. 
gm/ 
K:N RATIO 
3.2+- 
2.2+— { 
23 4 5 6 DAYS 
AFTER ADMISSION 
Fic. 7.—Changes observed in severe poliomyelitis with complications, Case 2, M.P., femal 
aged 25 yr See Fig. 6 for explanation 
CasE 2. A white female, 25 years old, and persisted, and the patient expired in 4 days 


5 months pregnant, had cough and sore throat 
6 days prior to admission, followed by head- 
ache, slight fever, weakness in both legs, and 
difficulty in breathing and swallowing. 
Clinical Examination disclosed cyanosis and 
acute respiratory distress, excessive mucus in 
oropharynx and coarse rales in both lungs; a 
tachycardia of 130 per minute. Neurological 
findings included dysarthria, dysphagia, jerky 
and paralysis of 


diaphragmatic movements 


in spite of all known supportive treatmen 
Autopsy. The findings were consistent with 

addition to marked 

horn cells in the 


acute poliomyelitis. In 
destruction of the anterior 
medulla and spinal cord, there was patholog 
ical evidence of encephalitis with hemorrhag: 


into the corpus callosum 


Comment. The patient was in shock 


on admission and remained so until 


i 
— 
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death. Urinary nitrogen excretion was 
accordingly low and paralleled urine 
volume due to low renal blood flow. 
(Albumin decreased from 4.9 gm. to 
$5 om., and globulin increased from 
2.9 gm. to 3.38 gm. Serum potassium 
level was excessively high, 37 mg. and 
26 mg., with no potassium intake. 


Course. There was inability to swallow, 
intercostal and right leg paralysis 2 days after 
admission. Tracheotomy was performed and 
the patient placed in a respirator. Progressive 
involvement of the left leg and both arms 
was noted on the 24th day, with nausea, 
cramps, nervousness, and persistent head- 
ache. Sodium intake was madvertently in- 
creased to an average of 9 gm./day by plasma 
and whole blood transfusions. The patient 
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Fic. 8.—Changes observed in severe polimyelitis, Case 3, C.H., female, aged 27 yr. ( See Fig. 
6 for explanation.) 


Case 3. A white female aged 27, had head- 
iche, backache, and pain in thighs 2 days 
before admission, a temperature of 100° F., 
vomiting and diarrhea, but no muscular 
weakness 

Clinical Examination showed her to be well 
leveloped and nourished, appearing moder- 
itely ill. Blood pressure was 120/86, tachy- 
cardia 110 per minute. Neurological findings 
included moderate back stiffness, tenderness 
ind hypersensitivity of both thighs. 

Spinal Fluid Findings were: a ground glass 
ippearance, Pandy trace; sugar normal, 239 
cells; 139 polymorphonuclears, and 100 lym- 
phocytes. 


succumbed after 6 days of semi-comatose 
state, with incontinence, fever, and constant 
frothy mucous discharge. Severe metabolic 
alkalosis ensued terminally, with blood pH 
7.50, and a serum bicarbonate of 84 vol. per 
100 ce. 

Comment. The patient progressed 
from preparalytic to severe bulbar- 
spinal poliomyelitis. An acute catabolic 
phase was apparently precipitated by 
the high sodium intake. Hypopotas- 
semia and increased urinary loss of po- 
tassium and nitrogen followed, being 
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more pronounced in the last 2 days of the 22nd day with edema of the glottis 


illness. with metabolic alkalosis. Roentgenogram showed elevation of  dia- 
phragm and pulmonary infiltration indicating 
Case 4. A white male, 27 years old, had atelectasis. Weakness of the arms and inter- 
ibdominal pain 3 days before admission, costal muscles and severe paralysis of both 
without vomiting or diarrhea, with headache legs were still present after 2 months 
ver, vomiting, and left arm weakness on 


Comment. This case illustrates the 


admissio 
Clinical Examination showed him to be aggravation of a hemolytic reaction 
well developed and nourished, appearing in severe poliomyelitis. Nitrogen excre- 
cutely ill. Blood pressure was 140/90, with 
diminished breath sounds. Neurological find 
ings were moderate stiffness of the back and S 
veck, weakness of the intercostals and arms for severe poliomyelitis only. Che 


varalvsis of the legs acute catabolic phase lasted the first 


tion averaged about 100 gm./day for 
5 days, compared with 40 to 60 gm. 


POTASS TUM 
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SERUM 16+ 41 
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2.24 
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Fic. 9.—Changes observed in severe poliomyelitis, Case 4, R.D., male, aged 27 yr. (See Fig 


6 for explanation. 


Spinal Fluid Findings were: a. slightly 14 days, with more nitrogen than po- 
loudy appearance; Pandy trace; normal  tassium excreted. A subacute phase 


sugar, 197 cells; 101 polymorphonuclears, 96 f¢o}Jowed with atelectasis and with ex- 


ly mpho¢ ytes 


cessive potassium loss predominant 
Course. He was placed in a respirator and 


‘on . and low serum potassium levels. Al- 
given 750 cc. of plasma per day for 5 days. - ~~ —n 
on the Bh uumin dropped from 6.2 gm. to 3.5 
day, with hemolytic reaction and clinical SM. and remained low. 


jaundice, with hemoglobin drop from 14 gm. MODERATE POLIOMYELITIS. CASE 5. A Ne 


gro male, aged 13, had headache, anorexia 
cephalin flocculation was 3 plus, and the and 


to 8.3 gm. The liver was tender and enlarged 


malaise 4 days before admission, fol 
icterus index 39 units. Cyanosis appeared on lowed by weakness of the left arm 
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Clinical 


Examination showed him to be 
ell developed and nourished, appearing 
nildly ill. Blood pressure was 118/80. Neu- 
rological findings included moderate stiffness 
f neck, back, and hamstring muscles, left 
biceps, and left anterior thigh muscles, with 
slight intercostal weakness. 


Spinal Fluid Findings were: Slightly 
cloudy; Pandy trace; total protein 51 mg. 
per LOO 32 cells; 28 Ivmphocytes, 4 
polymorphonuclears 


POTASSIUM 


SERUM = 
mg/100cc 


PROTEIN 


5.0+- 
ALBUMIN 3'5 


gm./100cc. 
3.5) 
GLOBULIN 
gm. /100ce: 
30 | 
URINE N 10 | 


2.0 


potassium and albumin normal; K:N 
ratio 2.7. The anabolic phase followed 
immediately. 


Mitp Case 6. A_ white 
male, aged 9, had malaise, pain in the back 
and neck, and a temperature of 1OL° F. 4 
days before admission, followed by lethargy 
and difficulty in swallowing and speaking. 

Clinical Examination showed him to be 
unable to talk or swallow, appearing acutely 
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Fic. 10.—Changes observed in moderate poliomyelitis, Case 5, J.S., male, aged 13 yr. (See Fig. 
6 for explanation. 


Course \ respirator was unnecessary; 
ypertension ranged from 132/94 to 145/100 
from the 4th to the 14th day; the clinical 
ourse was otherwise mild. Patchy weakness 
f the left biceps and thigh muscles remained 
2 months after admission. 


Comment. Acute catabolic phase 
lasted the first 10 days, with peak ni- 


trogen 22 gm. on the 6th day, serum 


ill, with much mucus in the throat. Neurolog- 
ical findings included lateral nystagmus; left 
facial, uvular, and palatine paralysis, devia- 
tion of the tongue to the right; moderate 
stiffness of the back and hamstring muscles; 
and moderate weakness of the intercostal 
muscles. 

Spinal Fluid Findings were clear, Pandy 
negative, normal sugar, 61 cells; 54 lympho- 


cytes, 7 polymorphonuclears. 
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Course. Tracheotomy was performed and 
the respirator was used for 5 days. Plasina 
therapy was given, and recovery was unevent- 
ful. Muscles of swallowing and neck flexors 
were moderately weak 1 month after admis- 


s10on 


Comment. The acute catabolic 
phase lasted 4 days; albumin was 
normal except on the 10th day; serum 
potassium was low (no intake until 
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Recent studies confirming this view 
point are a low eosinophil count on 
admission in 70 cases of acute polio- 
myelitis, suggesting the “alarm reac- 
tion.” The administration of ACTH to 
35 cases produced further depression 
of eosinophil count and increased 17- 


ketosteroid excretion: however. no 


beneficial effect was noted following 
such therapy’®. 
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Fic. 11.—Changes observed in mild poliomyelitis, Case 6, $.S., male, aged 9 yr. (See Fig 


6 for explanation. 


the 8th day urinary potassium was 
0.3 gm./day, the K:N ratio was very 
low for 16 days. 

Discussion. The profound negative 
nitrogen and potassium balance during 
the catabolic phase of the disease and 
the frequent hypertension fall within 
the framework of Selye’s general 
adaptation concept**. There is appar- 
ently extreme stimulation of the an- 
terior pituitary by the “catabolic” im- 
pulse of the poliomyelitis virus, with 
profound influence upon suprarenal 
and renal physiology. 


The fate of the nitrogen compounds 
resulting from the “toxic destruction 
of protein” has generally been found 
to be in increased urinary urea and 
ammonia, and this is the case with 
dietary protein in excess of that util- 
ized by the body*®. Recent work indi- 
cates that the administration of ACTH 
may also increase the excretion of 
creatine**. 

In both human and _ experimental 
forms of poliomyelitis large amounts 
of creatine in the urine have been 
recognized®. In mice, the creatinurea 
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ippears shortly before paralysis and 
may reach levels of 3 gm. per liter, 
ind is accompanied by a drop in the 
muscle creatine’®. 

Therapeutic and Prognostic Implica- 
Prorerin MerasouismM. The 
ibrupt drop in serum albumin and the 
iccompanying marked urinary _nitro- 
lead to shock and 
peripheral vascular collapse in severe 
cases of poliomyelitis. The beneficial 
effects of therapy by serum albumin 
r irradiated human plasma have al- 
ready been reported*. 


tions. 1. 


ven excretion may 


Daily measurements of the total 
urinary nitrogen excretion, or less pre- 
ferably the nitrogen concentration, 
provide a valuable guide of: a) The 
degree and the duration of protein 
destruction which parallels the ulti- 
mate severity of the disease process 
ind the amount of residual neuro- 


nuscular paralysis that may be antici- 
pated; b) the transition of the cata- 
bolic phase into the period of protein 
svnthesis, and conversely; c) the re- 
ictivation of a catabolic process due 
to extension of the pathological pro- 
ess and to the respiratory, electrolyte, 
emolytic, and hepatic complications. 
It has been difficult for the clinicians 
» predict the extent of the neuro- 
nuscular involvement with any degree 
f certainty during the early phase of 
he disease. The use of the total 24- 
our excretion provides a 
ew means of estimating the ultimate 
ourse and the degree of neuromuscu- 
r involvement, if the patient survives 
he initial shock and respiratory com- 
lications. If 24-hour nitrogen excre- 
not feasible, similar informa- 
be obtained from urine ni- 
rogen concentrations alone, provided 
rmal urine volumes are present. 
The clinically severe cases in which 
xtensive paralysis is expected have 
prolonged and marked negative ni- 
rogen balance and anatomically are 


nitrogen 


tions are 


may 
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usually of the bulbar-spinal and spinal 
types. The clinically severe cases in 
which minimal paralysis is anticipated 
have a brief and minor negative nitro- 
gen balance, and fall into all 3 cat- 


egories: Bulbar, bulbar-spinal, and 
spinal. 
2. Porasstum MerasouisM. Plasma 


determinations of this constituent are 
essential before parenteral therapy is 
started. Marked elevation of serum po- 
tassium may occur in acutely ill pa- 
tients who have shock, respiratory 
acidosis, or renal disease, and may 
produce disturbances of cardiac rhy- 
thm leading to ventricular fibrillation’. 

Abnormally low serum potassium 
may also occur in any phase of the 
disease if intake is inadequate or ex- 
catabolic losses occur. This 
may be prevented by the oral or par- 
enteral 3 gm. or 


cessive 


administration of 3 
more of potassium daily. Potassium 
deficiency may accentuate muscle pa- 
ralysis and cause electrocardiographic 
disturbances and paralytic ileus’. Re- 
cent evidence indicates that potassium 
therapy may also inhibit the catabolic 
effect of ACTH and facilitate protein 
synthesis"*. 

Exacerbations of the acute catabolic 
phase, with renewal of increased po- 
tassium excretion, require careful at- 
tention. Such may occur following 
atelectasis and subsequent anoxia, he- 
patic and hemolytic complications, or 
excessive sodium intake. Sodium re- 
quirements range from 3 gm. daily in 
the catabolic phase to 1 gm. in the 
anabolic, and excessive intake should 
be avoided. 

Summary. 1. The marked negative 
nitrogen balance that occurs in the 
acute phase of poliomyelitis may be 
utilized as a valuable prognostic aid 
in predicting the ultimate neuromus- 
cular involvement. 

The necessary biochemical deter- 
minations are the 24-hour nitrogen 
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excretions, or less preferably, urinary 
nitrogen concentrations 
volume is adequate. 

This balance is accom- 
panied by a precipitous drop in serum 
albumin, elevation of the 
fractions, and a _ negative 
balance 

2. Therapeutically, the rapid drop 
in serum albumin is an indication for 
the use of serum albumin or irradiated 
plasma for the prevention of periph- 
eral vascular collapse. 


when urine 


negative 


globulin 
potassium 


Hypopotassemia, which is frequently 
present and may be detected by serum 
determinations, may be prevented by 
the administration of 3 
of potassium daily. 

Hyperpotassemia may be found with 
shock and acidosis, in 
which case therapy is primarily di- 
rected toward restoration of the pul- 


gm. or more 


respiratory 
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monary ventilation, diffusion, and 


improvement of peripheral vascular 
tone while withholding oral or paren- 
teral potassium. 

intake should be 


avoided, particularly during the acute 


Excessive sodium 
catabolic phase when it may predis- 
pose to hypopotassemia and metabolic 
alkalosis. Average requirements at this 
time approximate 3 gm., and decrease 
to | the 
anabolic phase. 


gm. during subsequent 

3. During the course of the disease 
occurrence of complications such as 
extension of the disease process, pul- 
monary edema or atelectasis, respira- 
tory acidosis, metabolic alkalosis, and 
hemolytic reactions with hepatic in- 
volvement may be detected early by 
nitrogen and 


recurrence of increased 


potassium excretion 
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LYMPHOPENIA IN DIAGNOSIS OF THE ACUTE ABDOMEN 


By ALBerT E. Hirst, Jr., M.D. 
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PATHOLOGY 
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ASSISTANT CLINICAI 


| rom the 


IN 1948, Hertort® reported that ab- 
solute lymphopenia occurred in every 
one of 29 proved cases of acute pan- 
creatic necrosis, and that this finding 
was an important aid in establishing 
the the total white 
blood count was normal and the amy 


diagnosis when 
lase test was not significantly altered 
He did not find lymphopenia in other 


acute which 


conditions 
with acute pan 
creatitis, such as cholelithiasis, nephro- 
lithiasis, or perforated peptic ulcer. An 
expanded study® by the same author 
included 38 cases of acute pancreatic 


abdominal 


might be confused 


necrosis. In this group lymphopenia 
was absolute in 63.1% and relative in 
36.9%. Repeated counts 
were found to be of prognostic value: 
that is, the the the 
slower the return of the lymphocyte 
count to normal. Roberts eft al.1° have 
substantiated the occurrence of lym- 


lymphocyte 


severer disease, 


phopenia in acute pancreatic necrosis. 
reporting an absolute lymphopenia of 
less than 1500 lymphocytes in 86% of 
their 15 cases. 

The studies of Selye'! indicate that 
the body reacts in a stereotyped man- 
ner to various forms of stress, whether 


it be infection, intoxication, trauma. 
nervous strain, heat, cold, muscular 
fatigue, or Roentgen-ray radiation. 
Among these reactions are inhibition 


of lvmphoid tissue and lymphopenia. 


College of Medical Evangelists, School of 
Los Angeles 


PROFESSOR OF MEDICIN} 


Mi dis bat 
California 


that the 
lymphopenia occurring in acute catas- 
] 


It would reasonable 
trophes would not be limited to pan- 
creatitis, but might occur in all con 
ditions in which stress is a major factor 
With this in mind. we have determined 
the 


variety 


frequency of lymphopenia in a 
of acute abdominal and other 
conditions to evaluate its significance 


in diagnosis. 
Method and Materials. 


selected for this study 
hospitals the 


Private hospit il 


wert because in these 


hemograms were performed by 


trained laboratorv technicians. A study wa 
made of the white blood counts in a 
ute conditions All 
stated, 


on admission of the 


variety 


t a hemograms, unles 


otherwise were the initial counts don 
patient to the hospital 
These counts were done before any attem] 
it definitive had instituted it 


order to exclude additional causes of lymph¢ 


theraps been 


penia 
Only cases 
.ecepted in this study 


with verified diagnosis wet 
The diagnosis of par 
creatitis was made 
clinically by the presence of an _ elevat 
All cases of cholecystitis, bot 


acute and chronic, 


at operation, autopsy 
serum amylase. 
were histologically prove 
The cases of myocardial infarction had typi 


clinical symptoms and confirmatory electr 
cardiographic changes. Second or third d 
gree burns were accepted if at least 10% 
the body surface was involved; first deg 


burns were accepted only if more extensi 
The remaining con 
tions were diagnosed radiologically, surgical 
In order to get a_suffici 
sempling of pancreatitis and dissecting a1 
urysm, the records of 4 private 
were reviewed. 


lesions were present 


or at autopsy 


hospital 


*Records of the White Memorial Hospital, Glendale Sanitarium and Hospital, Loma Lit 


Sanitarium 
in this study. 
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and the San Antonio Community Hospital (Upland 


California) were review 


LYMPHOPENTIA IN| DIAGNOSIS 


Lymphops nla IS expressed as either abso 
lute or relative. Absolute lymphopenia refers 
to-a decrease in the total number of lymph- 


ocytes per cubic millimeter of blood, whereas 


relative lymphopenia refers to a decrease in 
the percentage of lymphocytes in the total 
white count 

The normal percentage of lymphocytes of 
the total white blood cells is said to be 20 to 
5% by Downey, 15 to 60% by Osgood®, and 
25 to 33% by Kolmer’. The absolute number 

said to be 1500 to 3000 per c.mm. by Kol- 
ner’, 1000 to 4500 per c.mm. by Osgood, 
nd 1200 to 2000 per c.mm. by Beck!. 


OF THE ACUTE ABDOMEN DAY 


cates that a relative lymphopenia be- 
low 20% occurred in 86% of our cases 
of acute pancreatitis. The frequency 
of relative lymphopenia was compar- 
able in perforated duodenal ulcer, dis- 
secting aneurysm, acute appendicitis, 
and acute cholecystitis. Pancreatitis 
produced a relative lymphopenia be- 
low 10% more often than the other 
acute emergencies, but not significantly 
so. Lymphopenia below 10% was pres- 
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{bsolute lymphopenia 


Relative lymphopenia 
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Because of the differences for the normal 
values in standard texts and also as an aid in 
determining specificity of the lymphocyte 
count, we have arbitrarily expressed the rela- 
tive lymphocyte count as below 20%, below 
15%, or below 10% of the total white cells in 
Cable 1. In the same table is given the abso- 
lute lymphocyte count expressed in values 
below 1500 and below 1000 per c.mm. 


Results. Analysis of Table 1 indi- 
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ent in 55% of the cases of pancreatitis, 
42% of the cases of acute appendicitis, 
and 40% of the cases of perforated 
duodenal ulcer. Sixty-three per cent 


‘of the cases of acute pancreatitis had 


an absolute lymphopenia below 1500 
cells. Lymphopenia of this degree was 
more frequent, however, in cases of 
dissecting aneurysm (75%) and _ intes- 
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0900 HIRST, 
tinal obstruction (64%). Depressions of 
the lymphocytes 1000 were 
equally frequent in acute appendicitis 
and acute pancreatitis (26%), and the 


below 


frequency in dissecting aneurysm was 
almost identical (25%). 

indicate 
that both relative and absolute lympho- 


Discussion. These figures 


xr 


MM. 


POLYS — THOUSANDS PER CU 
ro) 


JOHNS: 


data indicates that 89% of his 
fell in this group, as did 86% of Rob- 
Only 26% of 
acute pancreatitis had lymphocyte 
LOOO, 63% of 


Herfort’s cases had such depressions. 


cases 


erts cases. our cases of 


counts below whereas 


The relative lymphocyte counts were 


below 15% in every one of his cases, 


0 “ 
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Fic. 1. 


Scattergram plotting total lymphocyte against total polymorphonuclear counts 


in acute conditions. 


penia occurs in pancreatitis, but is not 
unique to this disease. Changes in the 
definition of what constitutes relative 
and absolute lymphopenia did not 
serve to increase the definitive value 
of the lymphocyte count in diagnosis. 

Analysis of our data in 38 cases of 
acute pancreatitis reveals an absolute 
lymphopenia below 1500 in only 63% 
of the cases. Our analysis of Herfort’s 


but in only 76% of ours. The reliability 
of the laboratory work in our cases is 
suggested by comparable findings in 
1 different hospitals. The discrepancy 
between Herfort’s data and ours is 
probably explainable on the inclusion 
in our series of several cases of mild 
pancreatitis as indicated by rapid re- 
covery, but with sufficient elevation 
of amylase to make the diagnosis cer- 


1 
| 


LYMPHOPENIA IN 


tain. It is significant that depressions 
of blood lymphocytes, both relative 
absolute, occurred in conditions 

than acute pancreatitis with 
sufficient frequency to make the deter- 
mination of the lymphocyte count of 


and 
othe 


little diagnostic value. 

It is generally believed that the de- 
pression in the level of blood lympho- 
cytes occurring in acute conditions is 
reciprocal to an increase in polymor- 
phonuclear leukocytes. We were un- 
able to demonstrate any relationship 
between the height of the polymor- 
phonuclear count and the lymphocyte 
level as indicated by the scattergram 

Fig. 1) which includes various acute 
conditions of this study. Furthermore, 
that 
may occur with low. normal, or high 


our studies show Ivmphopenia 
total white blood counts. The evidence 
suggests that the depression of lvmpho- 
evtes in acute conditions is selective, 
occurring independent of the polymor- 
phonuclear leukocyte count. 

The common denominator of all the 
acute catastrophes in this study is 
whether it be due to trauma, in- 
infection. Selve™ has 
shown that the characteristic reactions 
to stress require the presence of an 
intact pituitary—adrenal the 
adrenal cortex being stimulated by the 
adrenotrophic hormone. Dougherty 
and White® have shown that the pitui- 
tary adrenotrophic hormone is a prime 
factor in the regulation of the level 
of the blood lymphocyte count, its 
action mediated through the 
Adrenalectomy was found 
to abolish the lvmphopenic action of 
adrenotrophic hormone in mice. Adre- 
nal except 
corticosterone were found to be active 
in the of lymphopenia. 
Lymphopenia has also been observed 
in man following injection of adreno- 


stress 


toxication, or 


axis, 


being 
adrenals 


cortical steroids desoxv- 


production 
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corticotrophic hormone’ or adrenal 
cortical extract?. 

Further evidence of increased adre- 
nal cortical activity in stress is sug- 
gested by the finding of increased 
excretion of urinary cortins in man 
occurring during infections!*!* and 
trauma'”'*. Edmondson‘ has recently 
reported increased 17-ketosteroid ex- 
cretion in a case of acute pancreatitis. 

In our study, the degree of absolute 
lymphopenia was proportional to the 
invoking stress with maximal responses 
encountered in pancreatitis, dissecting 
aneurysm, intestinal obstruction, and 
ruptured  arteriosclerotic abdominal 
aneurysm. Milder responses occurred 
in acute appendicitis, acute cholecyst- 
itis, and perforated duodenal ulcer. 
A minimal response occurred in per- 
forated gastric ulcer, urinary calculi, 
myocardial infarction, burns, and frac- 
tures. Chronic cholecystitis gave the 
least response. The tendency for rup- 
tured duodenal ulcer to evoke a 
greater lymphopenic response than 
perforated gastric ulcer is probably 
due to the greater degree of peritoneal 
irritation associated with higher gastric 
acid values usually encountered in the 
former condition. 

It follows that lymphopenia is an 
unfavorable sign in the leukocvtic pic- 
ture. Conversely, as Herfort® has sug- 
gested, a return of the lymphocyte 
count towards normal in pancreatitis 
suggests a good prognosis. It appears 
that a return of the blood lymphocytes 
towards normal in any acute condition 
suggests a good prognosis. 

Summary. 1. Lymphopenia, both ab- 
solute and relative, occurs in a variety 
of acute conditions but is not diag- 
nostic. 

2. Lymphopenia produced in acute 
conditions is roughly proportional to 
the severity of the invoking stress. 
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THE CURRENT USES OF CORTISONE AND ACTH 


By THEeopore GREINER, M.D. 


Krom the 


DRAMATIC 
empirical use of cortisone and ACTH 
corticotropin) in so 
that a difficult therapeutic problem 
presenting itself nowadays is not apt 


many diseases 


to pass by without at least a question 
giving these trial. Such 
trials involve several problems: There 
s the fact that the drugs are very 
costly; 


drugs a 


also the fact that, aside from 
exerting important therapeutic actions, 
they also possess dangerous properties. 


Before a trial is justified their value 
must be established by reliable evi- 
dence. 


\ theory which involves these drugs. 
the general adaptation syndrome of 
Selye*®, has developed somewhat fas- 
ter than has been 
gathered. It postulates a rigid pattern 
of adjustments (including the discharge 
ff ACTH from the pituitary) initiated 
by any stress-producing situation, and 
presumably helpful in overcoming the 
difficulty. Derangements of the reac- 


clinical evidence 


Department of Pharmacology, Cornell University Medical Collegs 


results have followed the 


. New York 


tion pattern result in many diseases, 
which differ in their manifestations by 
reason of “conditioning” of principal 
pathways or target organs, but all of 
which originate from stress: The Dis- 
eases of Adaptation. Among. these, 
many might be expected to respond 
to cortisone or ACTH. 

There has been a tendency to con- 
fuse theory and therapeutic evidence. 
In our present state of knowledge, the 
use of cortisone and ACTH in medical 
practice can be justified only by re- 
sults, and not by theoretical considera- 
tions. Accordingly, this report reviews 
the diseases in which there is good 
evidence that cortisone and ACTH are 
of value, describes the therapeutic re- 
sults that may be expected, and sup- 
plies references to informative articles 
in the literature. There are no direc- 
tions for use of the hormones, nor is 
there an attempt to assign priority. 
Several recent publications discuss 
these aspects of the problem'*-*7, Dis- 
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eases have been classified in a standard 
fashion to enable the reader to locate 
information rapidly. 

Infectious Diseases. The use of 
cortisone and ACTH in the infectious 
diseases is a controversial point®:'!. 
Patients receiving these agents may de- 
velop serious infections without the 
usual signs and symptoms, and in some, 
infection may not even be suspected 
before autopsy. There is no doubt that, 
at least temporarily, fever is decreased 
and patients feel better. On the other 
hand, it is equally certain that there is 
no action upon the infecting organism, 
nor is there bolstering of the defense 
mechanism of the host. In animals, the 
outcome may be unaltered, or mortal- 
ity inc reased!?, 

The issue that remains undecided is 
whether changing the response to the 
intecting organism is good or bad for 
the patient; whether the temporary in- 
crease in comfort is obtained only at 
the cost of increased complications 
and mortality. For the most part, the 
evidence in humans is inconclusive, 
and it is not possible at this time to 
make a decision. The prostration and 
collapse accompanying acute virulent 
infection is interpreted by some as 
adrenal cortical failure. Since a tem- 
porary increase in strength may keep 
the patient alive until specific anti- 
biotic therapy can be effective, some 
workers conclude that cortisone or 
ACTH is mandatory in desperate in- 
tections*®. Certainly, where there is 
failure of the adrenal cortex, as 
in fulminating meningococcal sepsis 
(Waterhouse-Friderichsen syndrome), 
cortisone added to chemotherapy has 
been a life saving measure", 

There is reasonably secure evidence 
that these agents are valuable in 
typhoid fever (patients treated with 
cortisone and chloramphenicol recov- 
ered more rapidly than those treated 
with chloramphenicol alone; improved 
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nutrition was a prominent feature 
trichinosis (fever and muscle pain dur- 
ing the several weeks of invasion and 
dissemination were greatly relieved)’, 
and encephalomyelitis complicating 
anti-rabies immunization (there was re- 
covery from fever, confusion, and 
headache 

In tuberculosis the decreased tissue 
reaction might, in some cases, be ad 
vantageous, but the lowered cellular 
defense is always dangerous. There is 
evidence of activation of tuberculosis 
in patients receiving these agents for 
other conditions'®. This danger pro- 
hibits their use in controlling the acute 
manifestations of tuberculosis, though 
with further experience, they may 
prove to be valuable in special states 
like laryngeal tuberculosis". 

They have no value in streptococcal 
infections, nor have they reduced the 
incidence of post-streptococcal compli- 
cations’. Their use in rheumatic fever 
presents a special problem. 

RueuMAtTiIC Fever. The effect of 
cortisone and ACTH on _ rheumatic 
fever may be the most significant ther- 
apeutic advance contributed by these 
[In patients with 
acute rheumatic fever there is rapid re 
turn of the temperature to normal, an 
increase in appetite and in feeling of 
well being, and disappearance of joint 
pains. Symptomatic relief of this na 
ture, however, can be provided by 
more economical treatment. The de- 
cisive question is whether cortison¢ 
and ACTH prevent or decrease dam 
age to the heart. There is the fact that 
the subcutaneous nodules of rheumatic 
fever generally soften, shrink, and dis 
appear, indicating that rheumati 
lesions of the type found in the myo 
cardium can be affected by these hor 
mones. When acute rheumatic feve 
is treated early in its course, there i 
direct evidence of improvement of th: 


myocarditis. Tachycardia decrease: 


THERAPEUTICS DOO 


gallop rhythm disappears, and the pro- 
longed P-R interval returns to normal. 
Congestive heart failure is abolished in 
the vast majority of cases. (Sodium 
and water retention may make the fail- 
ure worse at first, but it can be con- 
trolled by diuretic agents and low 
sodium intake. ) 

Pericarditis, with or without effusion, 
ilmost always disappears more rapidly 
than could be expected if recovery 
were spontaneous. 

Controversy continues over the effect 
cortisone and ACTH may have on le- 
sions of the endocardial surface of the 
valves. In the life history of rheumatic 
fever, these are most important, for they 
provide the site at which bacterial en- 
docarditis may develop, or, as chronic 
valvular disease, they may lead to con- 
vestive failure. During the few years 
following an attack of rheumatic fever, 
murmurs are the only evidence we 
have of these lesions. - Unfortunately, 
they are not conclusive evidence, for 
murmurs heard during the attack of 
may not be _ indica- 
tive of the chronic proliferative lesions 
that damage valves, while some de- 
structive lesions do not produce mur- 
until after the attack. 
Several investigators report that many 
murmurs heard in the attack of rheu- 
matic fever disappear during treatment 
with ACTH or cortisone. In follow- 
up examinations many months later, 
these murmurs have not recurred?*.?4, 
It is hoped that cortisone and ACTH 
have suppressed the early exudative 
lesions of the valvular endocardium, 
and thus prevented the late prolifera- 
tive destruction of valvular function. 
Other investigators believe murmurs 
that disappeared during treatment 
were only the transient murmurs of 
icute rheumatic fever, caused by car- 
liac enlargement or valvular edema; 
still others have not detected the dis- 
ippearance of significant murmurs dur- 


rheumatic fever 


murs years 


ing treatment with these agents?’. 
The most important question in rela- 
tion to the use of cortisone and ACTH 
as therapeutic agents cannot be an- 
swered until years have elapsed, and 
the incidence of valvular disease in 
children now being treated with ACTH 
and cortisone can be compared to the 
incidence in children not so treated. 
Studies are under way to evaluate, by 
long-term follow-up, the results of 
cortisone and ACTH in the treatment 
of acute rheumatic fever. Meanwhile, 
on the evidence now available!®.**.*4, 
it seems reasonable to administer corti- 
sone and ACTH, as early as possible, 
to all patients with acute rheumatic 
fever, and in doses sufficient to sup- 
press all the rheumatic manifestations. 

There is lack of agreement over the 
effect of these agents on the natural 
course of rheumatic fever. Some think 
acute attacks treated with these agents 
are shorter than those in untreated 
patients*®, The more persuasive evi- 
dence at the present time indicates 
that the natural course of the dis- 
ease is not influencd, but only the 
rheumatic manifestations are sup- 
pressed!8.22, 

Sydenham’s chorea has been a diffi- 
cult complication. In some patients it 
has disappeared in 1 or 2 weeks*’, 
while in others it has not been affected 
by the use of cortisone or ACTH. 

Experience with these agents in ac- 
tive rheumatic fever of long duration 
has not been encouraging. The re- 
sponse of fever and systemic symptoms 
is less dramatic than in early acute 
rheumatic fever. Although tachycardia, 
P-R interval, and even congestive fail- 
ure may improve during treatment, the 
majority of clinically active patients 
return to the pre-treatment status when 
the hormones are discontinued**. Mur- 
murs known to have been present for 
a long time before the hormones are 
started do not disappear. Some of the 


dl 
d 
( 
1 
1S 
1S 
) 
te 
h 
es 
al 
1e 
li 
e! 
ot 
1¢ 
ce 
th 
an 
ot 
int 
la 
hy 
le 
m 
iat 
ti 
is- | 
tir 
or 
i 
th 
es 


PROGRESS OF M 


and 
die from rheumatic fever despite treat 


patients continue to deteriorate, 
ment. 
Diseases of Unproved 


Sarcomwosis. There is symptomatic re 


Etiology. 


lief during treatment with cortisone o1 
ACTH, especially in acute cases where 
low grade fever disappears and lassi- 
tude is replaced by a feeling of well- 
being*>. There is regression of path- 


ologic lesions. However, because of 
the tendency to relapse, the value of 
the hormones is established only where 
the 
patients with incapacitating lesions in 
the the Patients with 
severe respiratory disability have been 
returned — to living 


clinical course is downhill. or in 


lungs or eves. 


norma! (lesions 
in the chest film cleared promptly) 
and patients who were virtually 
blind from sarcoidosis of the eye have 
had restoration of vision to an ade- 
quate level’®, 
Diseases of Allergy. The demonstra- 


that ACTH 


provide relief in most of the common 


tion cortisone and could 
diseases of allergy was soon followed 
by abuse of these agents. The dramatic 
improvement led many physicians to 
put aside the established methods of 
treatment, resulting in unnecessary ex- 
pense to the patients. Development of 
hypersensitivity to injected ACTH is 
an additional complication in some 
allergic patients. 


Hay 


toms of seasonal or perennial hay fever 


Fever. The distressing symp 


are controlled by these hormones in 


many patients**. However, there must 
be exceptional circumstances to justify 
their use, either to provide relief dur- 
ing the short period of seasonal hay 
fever, or to produce temporary symp- 
tomatic improvement in perennial hay 
fever. Proper allergic management gen 
erally can accomplish more for the 


patient, with less hazard and _ less 


expense. 
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AstHMA. Cortisone and ACTH can 
be counted on to relieve the symptoms 
the 
extrinsic or intrinsic 


of bronchial asthma, whether of 
In those cases in which the period of 
relief induced by the hormonal agents 
with identification 
and removal of the allergic cause, the 


can be combined 
remission of asthmatic symptoms per- 
sists after treatment is stopped. When 
the still the 
asthma is intrinsic hor- 


monal therapy is followed by return 


allergen is present, or 


cessation of 


of asthmatic symptoms. The present- 
day management of asthmatic patients 
First, 
asthmaticus is consistently interrupted; 


is advanced at 2 points. status 
secondly, a temporary respite in chronic 
bronchial asthma may permit improve- 
ment in nutrition, or provide oppor 
tunity for the patient to carry out a 
necessary activity of short dura 
tion. It is interesting to note that many 
relieved 
but that 
makes 


them more responsive to the ordinary 


patients are not completely 
of their asthmatic symptoms 


treatment with these agents 
bronchodilators**. 

DruGc HypeRSENSITIVITY AND SERUM 
SICKNEss. Fever, skin lesions, and joint 
symptoms are well controlled by cor 
tisone or ACTH®*®. Since these are self 
the 


tree of 


limited conditions. hormones can 


maintain patients discomfort 
while they run their natural course. 
Diseases of Collagen. Cortisone an 
ACTH have provided the first effectiv: 
methods for 


while they are not ideal, control of th 


treating these diseases 
disease process is a remarkable achieve 
ment. Two diseases sometimes classi 
fied with the collagen group are cor 
sidered elsewhere, rheumatic fever i 
the section on Infectious Diseases an 
rheumatoid arthritis in the section o 
Diseases of the Joints. Two recent r 
views discuss the of these ho 
mones in collagen diseases*®:*2. 


use 
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DiIssEMINATED Lupus ERYTHEMATO- 
sus. There is prompt improvement in 
systemic manifestations patients 
treated with ACTH or cortisone. Fever 
ind joint pain disappear early, patients 
feel well, and appetite improves. Effu- 
sions gradually clear, and the peri- 
cardial friction rub disappears. Skin 
lesions fade in a few weeks. The initial 
response is dependable, and has been 
demonstrated in patients who were 
thought to be moribund. Rarely was 
there improvement in cerebral, cardiac, 
or renal dysfunctions present at the 
time treatment was begun. 

It has been unusual for a remission 
induced by these agents to persist 
after they are discontinued. Relapses 
generally respond to a second course, 
but some investigators continue treat- 
ment, lowering dosage to find the most 
economical maintenance level**. Many 
of the patients in whom dramatic early 
results were described have since 
died®**. Cortisone or ACTH controls 
the acute manifestations of dissem- 
inated lupus, and may be life-saving 
in critical periods; if given early they 
may prevent progression of the disease 
process, but have no effect on damage 
ilready done*?:*®, 

PERIARTERITIS NODOSA AND CRANIAL 
Arreritis. The hormones interrupt the 
ictive, progressive stage, controlling 
fever, pain, and other symptoms, and 
permitting the arterial 
heal**-*!-#°, On cessation of treatment, 
relapse is the rule, but there is prom- 
ise of managing this fatal disease by 
continuous maintenance therapy**. It is 
ff utmost importance that the agent 
be used early and in high doses, before 
widespread damage has occurred. Not 
only is the loss of renal or cerebral 
function permanent, but healing of the 
arterial lesions by a fibrous process 
may further impair the circulation of 
these vital organs. In several patients 
the latter factor was the cause of death 


lesions to 


after the active disease was controlled. 

Dermatomyositis. In the acute ful- 
minating form, generally fatal, ACTH 
has proved life-saving, and has induced 
remissions lasting many months. In the 
chronic form, with atrophy of the skin 
and replacement of muscles by fibrous 
tissue, the slight improvement noted 
during ACTH has usually been tem- 
porary****, 

SCLERODERMA. When these agents 
are given early in the course of the 
disease, symptoms may be partially 
controlled. There is danger in their 
use and, as in periarteritis nodosa, im- 
provement followed by untimely death 
has been reported". 

Diseases Due to Chemical Agents. 
‘rom preliminary reports, there is rea- 
son to believe that these agents may 
provide a smoother withdrawal period 
in the treatment of addiction to nar- 
cotics or barbiturates*®*'. In chronic 
alcoholics, rapid recovery from delirium 
tremens has been reported®*. Dramatic 
relief of pain and of local edema, pro- 
duced by ACTH, have been reported 
in a patient bitten by a black widow 
spider, and in one bitten by a copper- 
head snake. The hormones appear to 
be of great value in the treatment of 
poisoning by animal venom*’. 

Diseases of Metabolism. Gour. Rapid 
relief of pain and inflammation is the 
usual result of treatment of attacks of 
acute gouty arthritis with cortisone or 
ACTH. The “flare-up” that occurs 
when the hormones are discontinued 
has been prevented by simultaneous 
administration of colchicine®*:**, 

Hypoctycemia. The action of cor- 
tisone and ACTH on carbohydrate me- 
tabolism provides a method of main- 
taining the blood sugar of patients 
with hypoglycemia, but in only a few 
does it improve significantly on the 
present management*. 

Neoplastic Diseases. ACTH and cor- 
tisone have shown 2 valuable actions 
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in the neoplastic diseases: ‘First, they 
induce temporary remissions in many 
of the lymphomata, and second, they 
may aid in the management of diffi- 
cult problems by influencing the sec- 
ondary manifestations of the malignant 
diseases real 
advance, offered by encouraging re- 
sults from animal experiments, has not 
been fulfilled. Patients with melanoma, 


The early promise of 


carcinoma, and sarcoma originating in 
various sites, and at various stages of 
invasion, treated with 
ACTH o1 but no measur- 
able effect on tumor growth has been 
observed 


have been 


cortisone, 


There was often temporary 
improvement in the general condition, 
due to the non-specific action of the 
with appetite 
and in the feeling of well-being, and 


hormones, increase in 


and inflam- 
matory edema. Occasionally, the de- 


decrease in pain, fever, 
crease of inflammatory edema is valu- 
able, as, for example, when it involves 
the bronchi and causes 
respiratory difficulty®*. However grati- 
fying the temporary improvement, the 
use of agents financial 
hazard from the side effects, 
and damaging psychological sequelae 
for patient and family when the tem- 
porary improvement does not continue. 
There is no evidence that they prolong 
life, and the opinion is, rather, that 
they shorten it, for some of the car- 


trachea or 


these brings 


burden 


cinomas appear to grow faster during 
and after treatment. In addition, a 
number of patients who died while 
under treatment were found at autopsy 
to have multiple abscesses and terminal 
infection which was 
during life®, 

ACTH and cortisone appear to be 
of real value in the treatment of acute 
leukemia in childhood**-”, particularly 
when combined with the 
Temporary remissions, 
lasting from one week to many months, 
are induced in somewhat over half of 


not discovered 


folic acid 


antagonists”*. 
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the Most of these will 


respond to a second or third course 


patients. 


before refractoriness develops. There 


seems to be no relation between re 
fractoriness to these agents and to the 
tolic many of the 


patients who do not respond to the 


acid antagonists; 
hormones respond to folic acid antag- 
The effect of 
these agents in adults with acute leuke- 
has dramatic, and it 
has frequently been felt that the dis 
ease is augmented in patients who fail 


onists, and vice versa. 


mia been less 


to respond. Some remissions, however 
have been induced in acute lymphatic 
leukemia. The majority of the patients 
with chronic lymphatic leukemia, lym 
phosarcoma, and Hodgkin's 
respond to these agents by a tempor 
the clinical 
with regression of the lesions®®” 
the are 
to those induced by 


disease 


status 
Since 
superiol 


ary remission in 


remissions rarely 
Roentgen-ray 01 
nitrogen mustard, ACTH and cortisone 
have been abandoned in some institu 
tions®'. In a few patients with multiple 
myeloma, temporary improvement - in 
clinical status and relief of bone pair 


with ACTH 


have followed treatment 
or cortisone*®. 

Diseases of the Digestive System. 
ACTH 


remissions in most patients with ulcer 


ULcERATIVE COLITIS. induces 
ative colitis™:7*. There are ordinarily ; 
the 
abdominal pain, fall in temperature 


reduction in diarrhea, relief 
and increase in appetite followed by 
Although 


examination 


sigmoido 
that th 
ulcers persist, there is reduction in th 


gain in weight. 


scopic reveals 
inflammatory reaction and the mucos 
is more pliable. The most satisfactor 
remissions occur in patients who hay 
severe systemic symptoms of short dur 
ation. The failures have been amon 
patients who have had ulcerative colit 
for many years, and have fibrosis an 
other structural changes in the inte 
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tine®’. Cortisone is much less eflective 
than ACTH. 

In about one-half the patients, re- 
lapse follows immediately when ACTH 
is terminated. In the others, there is a 
variable period of remission, some last- 
ing several years. There have been at- 
tempts to control the disease over a 
long period by continuous maintenance 
ACTH, or by repeated 
courses; the most satisfactory method 
is not yet known", It is generally con- 
cluded that ACTH is a valuable addi- 
tion to other methods of therapy for 
ulcerative colitis, particularly in pro- 
lucing remissions in the early stages 
of the disease, and is an important aid 
in preparing patients for ileostomy. 

RecionaL This disease re- 
sponds to ACTH in the same fashion 
as does ulcerative colitis”. 

[DIOPATHK 


doses of 


STEATORRHEA (NON- 
TROPICAL SPRUE). Improvement has 
been seen during treatment with 
\CTH or with disap- 
pearance of diarrhea, increased sense 
1 well-being, improved appetite and 
gain in weight in patients who were 
resistant to the usual methods of treat- 
ment. 

Peptic Utcer. There have been a 
number of casés of perforation of pep- 
tic ulcer reported during therapy with 
these hormones, not only in patients 
with a history of peptic ulcer, but in pa- 
tients who have never given any indi- 
cation of gastrointestinal disease™7*. 
Masking of the symptoms of peritonitis 
makes the diagnosis difficult®*. 

Liver Disease. When ACTH or cor- 
tisone is used to treat liver disease, the 
patient becomes alert and cooperative, 
feels much better, and the appetite re- 
turns, encouraging him to eat the un- 
palatable diet thought to be advan- 
tageous. In the case of chronic liver 
disease, such as portal cirrhosis, the 
disease process is not influenced, and 


only rarely does the temporary boost 
justify the use of the hormones®*:*, 

However, in the acute liver diseases, 
infectious hepatitis®*’ and homologous 
serum hepatitis’®, the relief of symp- 
toms is of practical importance. The 
cooperative, hungry patient is able to 
protect his liver by an adequate diet. 
On several occasions, the hormones 
stopped a disease process that was, to 
all appearances, proceeding to liver 
death. However, other patients died, 
although they received treatment. In 
spite of the fact that liver function 
and liver size progress toward norma! 
taster than in patients not given ACTH 
or cortisone, the disease process is not 
altered, and relapses occur regularly 
when treatment is discontinued too 
soon. The effect that treatment of acute 
liver disease by these agents might 
have on the later development of 
chronic liver disease has not been es- 
tablished. 

Diseases of the Lungs. There have 
been reports of improved respiratory 
function following cortisone or ACTH, 
but in most of these, pulmonary symp- 
toms were caused by a systemic dis- 
ease, such as bronchial asthma or sar- 
coidosis. A few cases of emphysema 
and of chronic pulmonary fibrosis 
have shown a temporary decrease 
in dyspnea and cough, but rarely 
does the possibility of transient slight 
improvement justify treatment with 
these hormones. Indeed, some _pa- 
tients with emphysema deteriorate 
under treatment, possibly due to 
congestive failure’’. The use of corti- 
sone and ACTH in the ordinary forms 
of silicosis has not been properly 
assessed, but at least in the granuloma 
following inhalation of beryllium there 
has been consistent improvement in 
respiratory function during treatment*’. 
Partial clearing of the lesions as seen 
in the roentgenogram suggests these 
agents may play an important role in 
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the management of beryllium granulo 
The 


pneumonia (LoefHer’s syndrome ) have 


matosis symptoms of allergic 
been controlled’. 

Diseases of the Kidneys. There is 
little evidence that ACTH or cortisone 
the course of 
chronic glomerulonephritis, despite oc- 


influences acute or 


casional temporary changes in urinary 
findings or on blood analysis**. The 


improvement seen in a few patients 


may represent natural remissions in 


the course of the disease. As yet no 
data are available to indicate whether 


\CTH or 


ney 


cortisone decreases the kid- 


damage secondary to inflamma- 
tion. 
NEPHROTIC( One of the 


more satisfactory methods of inducing 


SYNDROME. 


diuresis in the edematous stage of the 
syndrome has been treat- 
ment ACTH! 82.83.5489 well 
over three-fourths of the patients in 


nephrotic 
with 


whom a short course was tried, there 
substantial the 
week following abrupt withdrawal of 


was diuresis during 
the hormone. It occurred whether the 
nephrosis was on the basis of glomeru- 
lonephritis or diagnosed as true neph 
rosis. In many of the patients edema 


Although 


all the patients began reaccumulating 


cleared completely. almost 
edema within several months, the diu- 
resis. associated with lessening of bio- 
chemical defects and improvement in 


kidney 


management of 


function, was helpful in the 


these patients. Re- 
peated courses are usually successful 
in re-initiating diuresis. The data pub- 
lished up to the present time indicate 
that ACTH 


cortisone 


is tar more effective than 


There are a few reports in the litera- 
ture describing cases in which active 
progressive lesions were arrested, ap 
parently by repeated diuresis 
ACTH. On the other hand, 
the fact that a number of patients with 
the. nephrotic syndrome failed to ob- 


with 
there is 
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tain diuresis or to show any evidence 
of improvement, and that some _ pa- 
with 
passed through the nephrotic stage to 


tients glomerulonephritis have 


renal failure though 
ACTH. 

the Blood. Although 
ACTH and cortisone produce benefi- 
cial the 
thera- 


death in even 
treated with 

Diseases of 
diseases of 


results in many 


blood. in most of these other 


measures are more Satistac- 
the 


leukopenia secondary to 


peutic 


tory”. Reversal of anemia and 
diseases of 
collagen, or to lymphoma, is a striking 
feature of treatment with the hormones. 

AcguirED HEMOLYTIC ANEMIA. Pa 
tients with acquired hemolytic anemia, 
either 


idiopathic or secondary to 


lymphoma, have improved as a result 


of intensive treatment with ACTH o1 
cortisone®®:**, Within a few days the 
demonstrable agglutinin activity de- 


clined, followed by progressive clini- 
cal improvement with rising red cell 
count and hemoglobin. Icterus disap 
peared, and the survival time of trans- 
fused erythrocytes returned almost to 
normal. Relapse occurred at varying 
intervals following the discontinuation 


of the hormones. Oral cortisone has 
been effective for maintenance. Con- 
tinued administration may in some 


cases lead to exhaustion of the mecha 
nism that produces abnormal agglu- 
tinin and thus control the disease. An 
other approach is to reduce the ab- 
normal antibody by using the hor 
mones and to follow them by splenec- 
tomy or nitrogen mustard treatment. 

ANEMIA. The majority of 


patients have not been improved, but 


APLASTIC 


remarkable 
were 


there has been 
Blood 


formed: the need for transfusion was 


in several 


response. cells again 


sharply reduced and in some cases 
eliminated, as long as the patient con 
tinued to receive ACTH or cortisone®’ 
There is no explanation for the fact 


that a few patients with hypoplastic 
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anemia will form blood celis when 
given cortisone or ACTH. Even in 
those who respond, continuous §treat- 
ment with the hormones may offer no 
advantage over repeated transfusions. 

Coo.rey’s AneMiIA. In about half the 
patients there is temporary  stabiliza- 
tion of the red count and hemoglobin, 
with less need for transfusions, during 
treatment with ACTH". 

IpiopATHIC THROMBOCYTOPENIC PuR- 
pura. In the majority of patients a re- 
mission in the purpura is induced by 
cortisone or ACTH****, In some, par- 
ticularly those who have not had sple- 
nectomies, the remission continued 
after therapy was stopped. In others, 
the purpura recurred, but the patients 
could be kept in a purpura-free state 
by continuous’ maintenance. Allergic 
purpura is promptly cleared by these 
agents”! 

AGRANULOCYTOsIS. The return of 
white blood cells appears to be en- 
hanced and more rapid with ACTH 
therapy’? than by other agents. 

Diseases of the Cardiovascular Sys- 
tem. There has been no convincing 
evidence that cortisone or ACTH is of 
value in the management of cardio- 
vascular disease. There are many re- 
ports of congestive failure precipitated 
by the hormones in patients with heart 
disease. Although the blood pressure 
in essential hypertension may decline 
slightly, no beneficial effects have been 
demonstrated®. Systemic diseases 
which involve the heart, notably rheu- 
matic fever and disseminated lupus, 
are discussed in other sections of this 
report. 

Diseases of the Ductless Glands. As 
might be expected, ACTH and corti- 
sone provide valuable replacement 
therapy in a number of disorders of 
the ductless glands'®". ACTH may be 
utilized to advantage in hypopituitar- 
ism****. Cortisone has reversed virilism 
in adrenogenital syndrome!, and, 


combined with other adrenal factors, 
has provided additional security for pa- 
tients with Addison’s 
These hormones are often administered 
to the tired or psychoneurotic patient 
in the belief that he is suffering with 
functional adrenocortical insufficiency, 
without following the necessary pro- 
cedures to establish proof. Thorn has 
discussed the diagnosis and treatment 
of this 

Diseases of the Joints. These diseases 
occupy a special place in any discus- 
sion of cortisone and ACTH, since the 
treatment of rheumatoid arthritis was 
the first demonstration of their remark- 
able ability to modify tissue response’. 

ArTHRitiIs. The effects 
of cortisone and ACTH on. patients 
with active rheumatoid arthritis are 
dramatic. There is disappearance of 
stiffness and weakness of the muscles, 
of tenderness and swelling of the joints. 
Temperature returns to normal, and 
appetite and feeling of well-being re- 
turn. Flexion-contractures are usually 
diminished, but there is no effect on 
fibrotic contractures or on deformities 
of the articular cartilage or bone. Ex- 
cept for minor symptoms of short dura- 
tion, this improvement is maintained 
throughout the period of treatment 
with these agents?®®!!*. The clinical 
variants of rheumatoid arthritis (juve- 
nile rheumatoid arthritis, ankylosing 
spondylitis, psoriatic arthritis, Reiter's 
disease) respond to cortisone and 
ACTH in a similar fashion. 

The significance of potential reversi- 
bility of rheumatoid arthritis cannot be 
overestimated’’’. However, there are 
problems to be met before all patients 
can be returned to a normal, active life. 
When treatment with the hormones is 
discontinued, arthritis returns. The pe- 
riod before relapse may be only a few 
days, or it may last months. About 
one-quarter of the patients have a re- 
mission lasting one month or longer. 
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The emotional readjustment that ac- 
companies relapse has been described 
as very painful'’*®. There is no way of 
predicting which patients will have a 
relatively long after treat- 
a is it certain that the re- 
missions are not natural ones, but have 


remission 


ment nol 


been induced by the hormones!. 

In view of the difficulties, cortisone 
ACTH best 
routine treatment for rheumatoid arth- 
ritis, but in special cases to halt rapidly 


and may serve not as a 


progressing disease, or to reach a clear 
objective in rehabilitation'’’*. In regard 
to the future, research is under way in 
many institutions exploring the possi 
bilities of continuous maintenance with 
ot 
sone with ACTH!', or of combined use 
of cortisone and physical medicine", 


cortisone! supplementing  corti- 


or paraminobenzoic acid'". 
DEGENERATIVE Joint Disease. Al- 
though there are reports of decreased 
pain and increased range of motion in 
some patients, there has been no evi- 
to indicate that 
ACTH is superior to conservative treat- 
ment of degenerative joint disease!?*:!", 
Diseases of the Muscles. The pain of 
many disorders of muscle and its ac- 


dence cortisone or 


companying structures, such as_ bur- 
sitis, fibrositis, and tendinitis re- 
lieved by these agents. For the most 
part their use is not justified, but a 
fairly strong case has been made for 


is 


trial in “shoulder-hand” syndrome (re- 
flex dystrophy) and “frozen shoulder” 
(periarticular fibrositis), where pain 
relief and increased function often per- 
sist after the agents are discontinued". 

Diseases of the Nervous System. 

There have been trials with these 
agents in small groups of patients with 
a variety of neurological disorders!!* 


119 


MYASTHENIA Gravis. Weakness and 


malaise are increased during adminis- 
tration of a short course of ACTH. but 
when 


the drug is discontinued, the 


AL, SCIENCE 


majority of patients have a partial re 
mission with increased feeling of well 
being and improved work performance 
on reduced neostigmine dosage!*". The 
improvement increased for several 
months in some patients, while others 
returned toward the pretreatment level. 
_ Eptutepsy. There may be reduction in 
frequency of attacks, but the hormones 
offer no advantage over present anti- 
convulsant drugs!?°, 
MuLtTiPLe SCLEROsIS. A few patients 
with spastic ataxic syndrome improved 
during therapy, but relapsed immedi- 
ately after ACTH was stopped. There 
is the possibility, not yet established 
that ACTH protects patients from fur 
ther damage!"”, 

Mood 


hav e 


PSYCHIATRIC DISORDERS. 


changes, particularly euphoric, 


led to the trial of these agents in psy- 
chiatric disorders, but evidence of sat- 
results has not been 


isfactory pub- 


lished. A 


psychiatric viewpoint!!®. 


recent review considers the 

Diseases of the Skin. Several excel- 
lent review articles have appeared re- 
cently the ot 
ACTH in dermatology!**: 

Pempuicus. After treatment of any 
of the common forms of pemphigus 
with 


cortisone and 


125,12 


on use 


these agents, new lesions no 
longer appear; the bullae and erosions 
improve and_ occasionally disap 
“1,124. Although only half the cases 
of pemphigus now recorded in the lit- 
erature have been arrested, the rate of 
improvement large 


doses come into more general use. In 


pear’ 


may mcrease as 
most patients lesions begin reappearing 
several 
the 
courses have generally been necessary 
within 2 or 3 months, and in the vast 
again effective 

remissions may last § 
months or longer. Although ACTH and 
have permanent effect 
they delay the fatal termination anc 


weeks after administration of 


hormones is stopped. Repeated 


majority have been 


Occasionally 


cortisone no 
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make the management of pemphigus 
less difficult. 

EXFOLIATIVE Dermatitis. The skin 
has almost always cleared with use of 
the hormones, but following the cessa- 
tion of treatment, symptoms recur in 
most cases!*°, 

ACTH and cortisone are effective in 
a number of the acute, self-limiting 
diseases, and may be indicated for the 
control of serious 
Among these are urticaria, erythema 
nodosum, erythema multiforme, and 
severe contact dermatitis. Control of 
the acute “lepra reaction” by these 
hormones should be of great help in 
the chemotherapy of leprosy'“*. The 
pain during and after facial herpes 
zoster has been controlled without. in- 
Huencing the course of the cutaneous 
disease. 

Many chronic diseases of the skin 
respond to ACTH and cortisone, but 
relapse soon after treatment ceases. 
Often relapse is worse than the orig- 
inal disease (rebound phenomenon )!*". 
Psoriasis, atopic eczema or neuroder- 
matitis, chronic discoid lupus, derma- 
titis herpetiformis, mycosis fungoides, 
and certain of the lichenified lesions 
should not be treated with ACTH or 
cortisone unless there is a special prob- 
lem. Patients with these diseases have 
come to depend on cortisone so com- 
pletely that they demand it with the 
ferocity seen in drug addicts. 

Surgery. There have been numerous 
suggestions for the use of cortisone 
and ACTH in surgical diseases'*. Most 
of these need confirmation. Relative 
adrenocortical deficiency may occur in 
post-operative patients and_ increase 
surgical mortality’**. Of special interest 
is the role these agents might play in 
decreasing toxicity, improving nutri- 
tion, and hastening convalescence fol- 
lowing severe burns'!-182_ Since they 
also delay healing and decrease re- 


sistance to infection, it will be some 
time before their role is clarified'*®. 

Obstetrics. Pregnant women are pe- 
culiarly resistant to the physiologic 
action of cortisone and ACTH. There 
is the observation in pregnant mice 
that cortisone produces congenital 
anomalies'**. However, it is generally 
believed that a pregnant woman who 
has a disease in which the hormones 
are clearly indicated should be _per- 
mitted to receive them. 

PRE-ECLAMPSIA. In some reports there 
was relief of headache, clearing of the 
sensorium, and diuresis'®:', while in 
others there was no_ beneficial ef- 
fect!85.14° Evidence of real advantage 
for these compounds is still lacking. 

Ferauis. Use of 
these agents in Rh-negative women in 
the last months of pregnancy, and in 
erythroblastotic infants, may prove to 
be valuable in preventing destruction 
of blood cells and damage to vital or- 
gans137.142, 

Pediatrics. The special problems 
these agents present in children are 
discussed in recent 
The sections of this report on rheu- 
matic fever, kidney, skin, allergy, and 
neoplastic diseases are of interest. 

Ophthalmology-Otolaryngology. The 
use of locally-applied cortisone and 
parenteral ACTH in eye disease is 
discussed in recent reviews!**:4°, These 
agents have revolutionized the man- 
agement of acute non-specific inflam- 
matory disease of all structures of the 
eye, and when given early, have been 
uniformly successful in providing relief 
and preventing ocular damage. The 
destructive reactions following trauma 
and in sympathetic ophthalmia have 
been lessened, allergic eye symptoms 
controlled, and some cases of chronic 
inflammatory disease improved. 

A recent review in this journal indi- 
cated that cortisone and ACTH modify 
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a number of conditions seen by the viewed in this report. The nature of 
otolaryngologist, but, except in allergic the modification is described in each 
diseases, are not of special value. case so that the reader, faced with a 
Tracheotomy was avoided in several 
patients with laryngeal edema, but 
there must be further experience be- 


difficult therapeutic problem, may de- 
termine whether a worthwhile result is 


ikely to follow trial of these agents. 
fore cortisone is used in this manner!**. likely to fe 5 


Summary. The literature reporting 
the current use of cortisone and ACTH _ tion of administration will be found in 
is examined and the diseases which the original articles here reviewed, to 


Matters of dosage. mode and dura 
are modified by these agents are re- which the reader is referred. 
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THe roentgenologist feels very much 
at home in the study of bone disease. 
He possesses a powerful tool in the 
form of the Roentgen ray which pene- 
trates matter with a readiness inversely 
proportional to density, thickness, and 
atomic number. The density of normal 
bone is moderately greater than that of 
the surrounding soft tissues. Calcium is 
i major ingredient of bone and since it 
has an atomic number of 20, bone has 
i higher average atomic number than 
the soft tissues. Both of these factors, 
increased density and increased atomic 
number, endow bone with the ability 
to absorb Roentgen rays greater than 
surrounding tissues. 

For many years scientists of different 
disciplines have been studying the com- 
position and crystalline state of bone 
Recently Hendricks and Hill'® 
have proposed a hypothesis which at 
least resolves many conflicting data. 
They postulate that bone salts crystal- 
lize as hydroxyapatite. As the crystals 
grow they are surrounded by many ex- 
traneous including carbonate, 
magnesium hydroxide, citrate and so- 
dium ions. These ions, together with 
ionized calcium and phosphate, cover 
the surface and eventually stop crys- 


salts. 


ions 
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talline growth. A new surface may be 
started separately by the formation of 
a new crystal or by covering up the 
old one. In either event the extraneous 
surface ions are retained external to 
the crystalline lattice. Bone is an ex- 
ample in which separate crystalline 
formation occurs. In enamel old crys- 
talline surfaces may be covered by new 
hydroxyapatite crystals. 

ROENTGEN ANATOMY OF BoNE**. For 
purposes of Roentgen analysis a typical 
long bone may be divided into the 
diaphysis or shaft, the metaphyses or 
the ends of the shaft (in the immature 
bone these are the actively growing 
portions ), and the epiphysis, which is 
formed from cartilage and usually en- 
ters into joint formation. The term 
“modeling” is applied to the general 
process of shaping the diaphysis. A 
thin, constricted shaft would be “over- 
modeled.” 

Further analysis would divide the 
bone into a compact outer shell, the 
cortex, and the inner spongy or can- 
cellous bone. The marrow cavity is 
centrally placed. Both the periosteum 
and endosteum are fibrous sheets en- 
casing the outer and inner aspects re- 
spectively of the cortex. They cannot 
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the 


However, inferences can be 


be visualized directly on roent 
drawn concerning them by noting adja 
cent cortical structure. 


The 


seen on the 


finest structure which can be 


roentgenogram is the tra 
becular Certain authorities! 
the 


rub 


pattern 
primary trabeculae as those 
parallel to the 
stress. The \ generally lie parallel to the 


term 


which lines of 


long axis of the bone. The secondary 


trabeculae are the cross-struts and do 


not run parallel to the line of stress 


The trabecular structure is governed 


by the principles of Wolff's law to a 
great extent which means that bone 
has a tendency to form where the 
lines of stress are in greatest concen 


tration 

It should be realized that bones are 
not the inert, dense, white permanent 
structures frequently associated with a 
fixed skeleton. They are composed of 
living, metabolizing tissues sensitive to 
environmental influences 
and in delicate balance with the home- 


innumerable 


ostatic mechanisms of the body. Fu 
thermore, any viable bone is constantly 
and simultaneously building up and 
tearing down, regenerating and degen 
the 
process and osteoclasis or resorption is 


the the 
adult the rates are for practical pur- 


crating. Osteogenesis is anabolic 


catabolic process. In normal 
Poses equal. 
DECREASED BON} 


Decreased bone density on 


RECOGNITION 
DENSITY 
the roentgenogram, either locally or 
generally, can be translated in physico- 
chemical terms into decreased hydroxy- 
apatite in the bone tissue. The roent- 
notes 


genologist intuitively GTOSS 


deviation 


any 
Often lo 
calized areas of decreased bone density 


from the normal. 


are easier to perceive than the gen- 
eralized decreased bone density. Local 
lesions stand out in contrast to normal 
surrounding bone, whereas generalized 
decreased bone density can only be 
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seen in contrast to the surrounding 
sott The 
subtle that often a fair degree of di 


density is 


tissue. changes may be so 


minished bone ascribed to 
technical factors. In order to refine the 
Roentgen appreciation of demineraliza 
tion several investigators proposed 
photodensitometric systems which at 
the relationship 


and the concen- 


tempt to quantitate 
between film density 
tration of calcium salts*:'. 

Causes OF DECREASED BONE DEN 


The 


density o1 


decreased bone 


the 
Call be cli ided 


SITY. causes of 


diminution in amount 
of calcium salt in bone 
into 2 basic disease processes: 1) those 
diseases giving rise to a disturbance of 
mineral metabolism, and 2) those dis 
eases primarily causing a disturbance 
in development of the organic com 
ponent of bone, the osteoid tissue. The 
diseases which cause a disturbance of 
mineral metabolism can be grouped in 
the generic category of malacic bone 
disease. Those diseases which cause a 
disturbance of the organic components 
of bone can be grouped in the generic 
category of porotic bone disease. The 
malacic diseases are rickets, osteomala 
cia, osteonephropathy, hyperparathy 
roidism and idiopathic hypercalciuria 
The porotic bone diseases? are disus¢ 
atrophy, scurvy, osteogenesis impet 
fecta, Cushing’s syndrome, senile osteo 
porosis, postmenopausal osteoperosis 
and hyperthyroidism. 

Matacia. The malacic bone, which 
lacks calcium salts but has an adequat: 
osteoid matrix, is softer, more flexibl 
more pliable, and generally lacks the 
rigidity the 
skeletal structures. Any influence whicl 


associated with normal 
deprives or depletes the bone of cal 
cium phosphate without interferenc 
with osteoid production would tend te 
produce bone malacia. Primary influ 
ences are inadequate calcium or phos 
phate ions, a lowered serum bicarbon 
ate or COs combining power, and ai 
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over-production ot parathyroid hor- 
mone. 
The which tend to reduce 


ivailable calcium or phosphate ions 


tactors 
may be nutritional, such as a low in- 
take of calcium, phosphate or Vitamin 
D. Insufficient exposure to ultraviolet 
light decreases the amount of available 
Vitamin D in the body. A borderline 
case of barely sufficient intake of min- 
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pancreatitis, and inadvertent surgical 
errors such as a gastroileostomy. A 
physiological defect of the intestinal 
epithelium, in which it is unable to 
absorb normal doses of Vitamin D. 
produces what is called refractory 
rickets, sometimes known as late rickets 
or rachitis tarda. 

The excessive retention of acids re- 
Hected in a low carbon dioxide serum 


Chart 1. 
BONE MALACIA 


A. NUTRITIONAL 
|. Vitamin D lack—Rickets 
» Mineral and Vitamin D lack 
Vitamin D resistant 
1. Gastrointestinal tract disease 
i) Steatorrhea 
1. Celiac disease 
Sprue 


Osteomalacia 
Refractory rickets 


Pancreatitis, rarely carcinoma of the pancreas 


1. Biliary stenosis or atresia 
Short-circuiting operations 


|. Inadvertent gastro-ileostomy 


B. RENAL DISEASE 
Glomerular osteonephropathy 


“Renal rickets” (renal dwarfism, renal osteodystrophy 


1. Due to chronic nephritis, polycystic kidneys, pyelonephritis, congenital ob- 
structions of the bladder neck, bands, valves, and others. 


2. Tubular osteonephropathy 
Renal acidosis 


b) De Toni Fanconi Syndrome 


lack of ammonia formation 
Amine diabetes, failure to absorb certain amino 


acids including cysteine, phosphates, and glucose. Considered to be a proximal 


tubular defect. 
C. ENDOCRINE 
1. Hyperparathyroidism 


erals or Vitamin D may be thrown 
into a deficiency status by stress de- 
mands on the body, such as pregnancy 
and lactation’® 

Disturbances of the small bowel in 
which fats are inadequately absorbed 
will tend to cause loss of the fat solu- 
ble vitamins, including Vitamin D. The 


calcium also tends to combine with 
fatty acids and form calcium soaps 
which are excreted from the colon. 


Examples of gastrointestinal disorders 
which tend to produce malacia are 
sprue, celiac disease, biliary stenosis, 


combining power, or excessive excre- 
tion of calcium or phosphate due to 
deranged renal function will encour- 
age the development of malacia. The 
various types of osteonephropathy 
would fit into this category. 
Over-production of parathyroid hor- 
mone, either by hyperplasia, adenoma 
or rarely carcinoma, secondarily in- 
creases the urinary excretion of phos- 
phate. Subsequent to this phosphate 
diuresis the blood calcium rises, which 
in turn causes an increased loss of 
calcium in the urine. There is also 
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some evidence that the parathyroid 


hormone has a local, direct, lytic reac- 
tion on bone**, 

Many of the above factors are inter- 
related and often several act in a con- 
certed manner in a given case of mani- 


fest malacic bone disease. For example, . 


in hyperparathyroidism a low dietary 
intake of calcium, a high output of 
parathyroid 


and renal in- 


sufficiency due to calculi may act to- 


hormone. 


gether to produce a striking decrease 
in the bone density. The following is 
a chart of diseases producing bone 
malacia. 

It must be emphasized that subclini- 
cal and subradiologic forms of diseases 
tending to produce bone malacia exist. 
The usually full 


blown before radiologic manifestations 


clinical disease is 
occur. Hyperparathyroidism is an ex 
cellent case in point. Frequently the 
disease exists without either radiologic 
or histologic abnormalities. Some au- 
the 
osteitis fibrosa generalisata 


thors retain term osteitis fibrosa 
cystica or 
to indicate hyperparathyroidism with 
bone involvement. Primary hyperpara- 
thyroidism can exist in four forms. The 
percentages appended use aS a basis 
the 64 proven cases of primary hyper- 
parathyroidism of The Massachusetts 
General Hospital series. 


1) Osteitis fibrosa generalisata with 


renal lithiasis or calcinosis—17%. 
2) Osteitis fibrosa generalisata with- 
out kidney disease—37%. 
3) No bone disease but renal lithi- 


asis or calcinosis—46%. 
t) No bone disease or kidney dis- 
ease—approximately 1%. 
Albright et al.’ claim that about 5% of 
all cases who have kidney stones have 
primary hyperparathyroidism. 

It will be noted that hyperparathy- 
the malacic 
bone diseases. One should not assume 
that it is identical with the specific 


roidism is included in 
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entities called osteomalacia or adult 
rickets. There are certain similarities 


and many differences between hyper 
parathyroidism and osteomalacia. Both 
diseases, hyperparathyroidism and os 
are disturbances of mineral 
sott 
trabecular 


teomalacia, 
metabolism. In both the bones are 
The 


pattern is coarse and the lamina dura 


and easily deformed. 
is frequently absent. Some of the points 
the 
osteomalacia the difficulty is 


of differences are following. In 
in calci- 
fying osteoid tissue, whereas in hyper- 
increased 
from. the 


ink reased 


parathyroidism there is an 


resorption of calcium salts 


bone. Osteomalacia shows 


amounts of osteoid tissue, whereas in 
hyperparathyroidism there is a marked 
increase in the number of osteoclasts 
the 


tissue. the fibroblasts Subperiosteal re 


as well as precursor of osteoid 
sorption and cyst formation or pseudo 
cyst formation are striking features of 
Chemically the 


serum calcium in hyperparathyroidism 


hyperparathyroidism'* 


is generally high and that in osteo 
malacia is either normal or low. 

The following is a chart of the Roent 
gen findings which are common to the 
malacic group to a greater or lesset 
degree. 

Points OF DIFFERENTIAL DIAGNOSIS 
There 


hyperparathyroidism 


are many similarities between 


and glomerular 
osteonephropathy, otherwise known as 
“renal rickets” or renal osteodystrophy 
Most authorities!’ agree that the bon 


changes in glomerular osteonephro 
pathy are due to secondary hyperpara 
thyroidism induced presumably by 
the high blood phosphate. Both hyper 
parathyroidism and glomerular osteo 
nephropathy have in common the cot 
ton-woolly appearance of the skull, the 
absence of the lamina dura, and sub 
periosteal bone resorption, especiall 
affecting the middle phalanges. Hyper 
parathyroidism more frequently tha 


glomerular osteonephropathy exhibit 


EEE 


cysts and pseudocysts in the bone. 
Pathologically the pseudocysts have 
considerable fibrous tissue and many 
osteoclasts. They are frequently con- 
fused with primary bone tumors, par- 
ticularly giant cell tumors. Glomerular 
osteonephropathy occasionally is asso- 
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tiated from Vitamin D-lack rickets. 
Both hyperparathyroidism and glomer- 
ular osteonephropathy frequently ex- 
hibit calcification in the media of the 
arteries and in the periarticular tissues. 
Patients with long standing glomerular 
osteonephropathy are frequently 


Chart 2. 


MALACIC GROUP 


\. ROENTGEN FINDINGS 


1. General appearance of bone 


a) Coarse decreased density, “fibrous effect” due to thin, irregular porous cortex 
with resorption of secondary trabeculae. Thickened and poorly defined pri- 
mary trabeculae. Indistinct, fuzzy appearance. 


Plasticity and reaction to trauma and stress 


.) Softening, bowing—decreased stature, protrusio acetabuli, kyphosis, lordosis, 
Otto’s pelvis, platybasia, “fish vertebra”, flat pelves. 
b) The Milkman-Looser zones—symmetrical pseudofractures 


Greenstick fractures. 


Osteoid, fibrous and osteoclastic overgrowth 
1) Pseudocysts due to osteoclasts and fibrous tissue. Usually calcify on healing. 
b) True cysts—usually fluid filled. Do not calcify on healing. 


1. Subperiosteal resorption 


Cortical erosion forming a palisade like lacework frequently seen in the mid- 
phalanges, but may be seen elsewhere. 


b) Resorption of ungual tufts. 


5. Skull 


Coarse resorption of inner and outer tables producing a mottled effect. A cotton- 


woolly effect produced by 


a retention of islands of normal bone density. 


rhickening of calvarium. Rarely cysts form. 
6. Lamina dura—cortical bone adjacent to the periodontal membrane of the teeth. 


a) Diminished or absent. 


B. CHANGES DURING ACTIVE GROWTH? 


Metaphysis 
a) Calcified plate disappears. 


b) Radiolucent zone widened between metaphysis and epiphysis. 
c) Cupping, fraying, and widening of metaphysis. 
d) “Rosary” formed at the costochondral junction. 


Epiphysis 

a) Cortex ill defined 

b) Spongiosa coarse 

c) Small or absent ossific centers 


ciated with small cysts, but, as a rule, 
the longevity of the patient is limited 
and the cysts are not well developed. 
The resorption of the bone at the mar- 
gins of the sacroiliac joint causes an 
indistinct articular surface which re- 
sembles that of rheumatoid arthritis. 
The metaphyseal changes in glomerular 
osteonephropathy cannot be differen- 


dwarfed?! and have been referred to 
as renal dwarfs. 

In osteomalacia symmetrical pseudo- 
fractures are frequently seen. These 
are the so-called Milkman'-Looser™ 
zones. Albright claims this phenome- 
non is pathognomonic of osteomalacia, 
but other authorities® disagree. The 
Milkman-Looser zones may occur with- 
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out visible generalized decreased bone 
density. They usually are perpendicu- 
lar to the primary trabeculae and are 


seen as radiolucent ribbons at right 
angles to the cortex. Pathologically 
osteoid tissue is present, but it is not 
calcified. The zones are most ftre- 
quently seen in the axillary borders of 
the scapulae just below the glenoid 
process. They are also seen in the 
femoral necks, the ischial and pubic 


rami, the ribs, and metatarsals 
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Note that the characteristic 


chemical finding in this group is the 


most 


increased serum alkaline phosphatase 
reflecting an increased osteoblastic ac- 
tivity. Malacic 
high nonprotein nitrogen and a high 


bone disease with a 


serum phosphate usually indicates 


glomerular osteonephropathy. The de 
Toni-Fanconi syndrome, sometimes re 
ferred to as amine diabetes, shows a 
high amino acid content in the urine. 


Occasionally a variant of this disease 


Table | 
CHEMICAL FINDINGS IN MALACIC BONE DISEASI 
Blood Urine Feces Comments 
Ca Po, Ptase Ca PO, Ca 

Osteomalacia 
rickets N-D ND 8) I 
Vit. D lack 
Glomerular Blood high urea PO, 
Osteonephro D-N I Db D N Acidosis, high Cl 
pathy Low CO., 
Renal D-N D I I D N Normal blood urea 
Acidosis High Cl. Low CO. 
de Toni Urine-glucose in 
lancon N-D N-D ] N creased. Amino acid 
Syndrome PO, in reased 
Hyperparathy 
roidism I D ] I I N 
Idiopathic N D N | | D 
Calciuria 

*N—normal 

°D decreased 

increased 


In rickets, osteomalacia due to Vita- 
min D lack and in the malacias due to 
some aberration of the gastrointestinal 
tract, renal lithiasis or nephrocalcino- 
sis is very rarely encountered. In osteo- 
nephropathy and hyperparathyroidism 
either renal lithiasis or nephrocalcinosis 
is quite frequently found. 

The findings malacic 
bone be summarized on 
the basis of the following chart. These 
findings may be of aid in the differen- 
tial diagnosis. 


chemical in 


disease can 


is called cysteinosis because of crys- 
tals of the amino acid cysteine found 
in the reticulo-endothelial system. The 
de Toni-Fanconi syndrome character- 


shows increased urinary 


The 


glucose and phosphate are not ele- 


istically an 


phosphate and glucose?®. blood 
vated. High serum and urinary cal 
cium and low serum phosphate deter- 
minations with a high phosphatase 
usually indicate hyperparathyroidism. 


High urinary calcium with normal or 


= 
_ 
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decreased serum calcium is found in 
idiopathic hypercalciuria. 

Bone Disease. Diseases 
primarily due to a disturbance in the 


POROTIC 


organic component of bone result in 
osteoporosis. The osteoid tissue which 
is composed of osteoblasts, collagen 
fibers, and interfibrillary material form 
a matrix upon which calcium salts are 
deposited. This component of bone is 
poorly understood. Only within recent 
have 


vears intensive analy tic studies 


579 
research despite great technical diffi- 
culties. 

The porotic bone is generally dimin- 
ished in density not from a lack of 
available mineral salts but because the 
organic matrix is deficient. Either the 
matrix cannot be formed or it is being 
destroyed. Certain authorities consider 
the bone matrix to be only the inter- 


fibrillary material and exclude the 
osteoblasts, osteocytes collagen 
fibers. Others believe the matrix in- 


Chart 3. 


CAUSES OF BONE POROSIS 


(Abnormality in Osteoid Metabolism) 


Congenital 


i) Osteogenesis impertecta 
Lack 


1) Atrophy of disuse 


of stress and strain 


Endocrine 
Estrogen lack 
1. Post menopausal state 
Congenital hypoestrinism 
b) Androgen lack 
1. Eunuchoidism 
Cushing's Syndrome 
d) “Alarm” reaction 
e) Hyperthyroidism 
f) Hypothyroidism 
Acromegaly 
h) Simmond’s disease 


Nutritional 


Vitamin C deficiency 
1. Scurvy 
Malnutrition 


1. Starvation, wasting disease 
>. Degenerative 


i) Senile osteoporosis 
6. nknou n 


been attempted on osteoid tissue. Elec- 


tron microscopy has revealed collage- 
nous fibers presumably produced by 
osteoblasts or from its products. These 
fibers are cross banded with a spacing 
of 640 Angstroms. Chemically muco- 
polysaccharides, certain amino acids, 
and hyaluronic acid have been dem- 
onstrated. It is believed that this com- 
ponent of bone is a fertile subject for 


ovarian agenesis 


cludes interfibrillary material and col- 
lagen fiber, excluding only the cells. 

Porotic bones exhibit decreased den- 
sity. They also lack the elasticity and 
tensile strength endowed by normal 
osteoid tissue. They are consequently 
brittle and sustain fractures and in- 
fractions when subjected to relatively 
minor stress situations. Fractures gen- 
erally heal slowly. The trabecular struc- 


~ 
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ture is fine and uniformly thin. The 
cortex is thin but has a distinct, sharp 
margin. The following chart of the 
causes of osteoporosis has been modi- 
fied from Albright 
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Reifenstein!. 
FINDINGS IN GENERALIZED 
BoneE Poroses. The radiologic findings 
in generalized bone poroses are not 
striking. However, certain features, es- 
pecially 


adv anced 


well are 
The trabeculae be 
come very fine and thin, developing a 
“washed appearance. Both the 
primary and secondary trabeculae are 


equally involved. There is no coarsen- 


Cases, 


distinctive bone 


out” 


ing of the primary trabeculae with 
greater involvement of the secondary 
trabeculae such as is found in the 


malacic 
the 


widened at 


group. The marrow cavity of 


bone 1S subtly 


uniformly and 
the of cortical 
bone. This process takes place more on 
the endosteal side of the cortex. 

The cortex becomes quite thin. Fre- 
quently it appears as a thin white line, 
the so-called “penciling effect”. As the 
cortex approaches the of the 
diaphysis it becomes parchment-thin 
Despite the thinness of the cortex, its 
periosteal side is sharp and well de- 
marcated even though it is more radio- 
lucent than the normal. In contrast to 
the sharp, thin cortex of osteoporosis, 
the malacic group of bone diseases has 
a fuzzy, poorly demarcated cortex. The 
bones in porosis are brittle and frac- 
tures are quite common. The fractures 
usually are complete, and not of the 
greenstick variety. 


expense 


ends 


The spine shows changes which or 
dinarily cannot be differentiated from 
the malacic group. Due to the soft 
tissue overlay and the radiolucency of 
the vertebrae, the trabecular pattern 
cannot be visualized well enough for 
thorough Earliest — stress 
changes are recognized when Schmorl’s 
nodes present. These nodes are 
quite common, even in normal indi- 


analysis. 


are 


OF M 
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viduals. They represent herniation of 
the nucleus pulposus through the end 
plate of the vertebral body. Various 
degrees of compression fractures, pat 
ticularly near the lower thoracic and 
upper lumbar vertebrae, are seen. As 
the the ot 
the vertebral bodies is reduced and the 
The discs 
may become thicker than the vertebral 
body itself. Usually before this occurs 


clisease progresses stature 


intervertebral disc widens. 


the nucleus pulposus swells consider 
ably and expands the 
of the the end 


plates. This process results in the so 


central portion 


disc into vertebral 
called “codfish” vertebrae, in which the 
vertebral body is shaped into a bicon 
cave disc. 

The pelvis in generalized porosis is 
preferentially involved, as is the spine 


The skull is often and 


the extremities are usually spared. The 


less involved 


lamina dura, if the patient is not eden- 
be Renal 


as in some of the malacic dis- 


tulous, can seen clearly. 
stones 
eases, can form. 

OSTEOGENESIS IMPERFECTA. Osteogen- 
esis imperfecta exhibits certain unusual 
and rather characteristic Roentgen 
findings. The bones are extremely brit- 
tle and numerous fractures occur with 
of 
heal rather promptly. However, severe 
of the often ob- 
due to alignment. The 


shaft. besides being decreased in den- 


a minimum stress. These fractures 


deformity limbs is 
served poo! 
rela- 
normal endochondral bone for- 
mation takes place, there is no lack of 
linear growth in the long bones 


sity, is slender. Because 


tively 


quite 


The skull is thin, particularly invols 
ing the cranial vault 
mian 


Numerous wor- 
visualized near the 
lambdoid suture. The skull in the pa- 


tients 


bones are 
who survive childhood usually 
shows a peculiar triangular shape like 
an inverted pyramid. Salient clinical 
features are blue sclerae, deafness due 
to otosclerosis, blue tympanum, hyper 
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laxity of ligaments, occasionally brittle- 
ness of hair and nails, and abnormali- 
ties of tooth enamel. The pathology is 
essentially an osteoblastic deficiency of 
the periosteum. Transverse growth of 
the shaft and ossification of the mem- 
branous bones and portions of the 
skull are chiefly affected. 

ArropHy oF Disuse. In disuse atro- 
phy", porosis occurs in the part or parts 
which are immobilized. Thus when a 
child is placed in a body cast, rapid 
demineralization is observed. Freely 
moving extremities are usually unin- 
volved. Hypercalciuria and renal cal- 
culi are fairly common. 

The pathogenesis of disuse atrophy 
is believed to be due to the removal 
of the normal stress stimulation of os- 
teoblasts. The intricate trabecular pat- 
tern of normal bone is constantly 
changing in accordance to Wolff's law. 
When the stress stimulus is absent, new 
osteoid tissue is not formed and disuse 
atrophy or osteoporosis results. 

In long standing loss of mobility, 
such as occurs in poliomyelitis or motor 
nerve injuries in childhood, the affected 
bone becomes thin and over-modeled. 
The shaft appears very slender in pro- 
portion to the epiphyseal ends of the 
bone. 

When disuse is complicated by se- 
vere pain, atrophy rapidly develops. 
The demineralization may assume a 
spotty character and is often called 
Sudeck’s atrophy. Perhaps the sensory 
nerve stimulation and its reflex action 
on the vessels play a role. 

Post- MENOPAUSAL OsTEOPOROSIS. 
Gardner and Pfeiffer’? found that estro- 
gen stimulated endosteal bone forma- 
tion in pigeons. In man there is good 
evidence that the female sex hormone 
also stimulates endosteal bone forma- 
tion. The lack of estrogenic substances, 
such as occurs in the post-menopausal 
state, causes in certain women clinical 
hanges associated with osteoporosis. 


Shortening of stature, fractures, angula- 
tion, and kyphosis of the spine are 
noted. Roentgenograms reveal signs of 
osteoporosis in no way distinguishable 
from osteoporosis due to other causes. 

It is believed the estrogens are nec- 
essary for the formation of organic ma- 
trix bone. The administration of high 
calcium phosphate diets with Vitamin 
D are definitely contra-indicated in all 
osteoporoses. The excess salts may en- 
courage renal calculus formation. 

In congenital hypoestrinism or ovar- 
ian agenesis, osteoporosis develops at 
puberty. The epiphyses are delayed in 
fusion. Changes in the spine such as 
rounded kyphosis and a_ so-called 
“epiphysitis” occur. The ring epiphyses 
are irregularly formed, giving the ver- 
tebrae a notched or wavy appearance. 

Scurvy. Scurvy in infancy also has 
a distinctive roentgenological pattern’. 
The lack of Vitamin C interferes with 
collagen and matrix formation during 
a period of rapid growth. The osteo- 
blasts exhibit degenerative changes and 
this situation is reflected in a lowering 
of the serum alkaline phosphatase. The 
ground glass appearance of the bones 
and epiphyses, the “penciled” white 
line of the cortex are quite characteris- 
tic. In addition brittleness of the bones 
is evidenced by infractions, spurring 
and metaphyseal corner defects. A zone 
of radiolucency can be seen in the re- 
gion just below the metaphyseal plate. 
Frequently fractures occur through this 
zone and the plate together with the 
epiphysis is dislocated. Subperiosteal 
hemorrhages can be noted in more ad- 
vanced cases when healing begins. 

SENILE Osteoporosis. Senile osteo- 
porosis is perhaps the most common 
type of decreased bone density seen in 
radiologic practice. Degenerative 
changes such as osteoarthritis of the 
spine and calcification in the vessels 
are almost invariable concomitant find- 
ings. The chief difficulty encountered 
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by the radiologist is in trying to de- called “alarm reaction” may also be 
cide whether the changes are a part attributable to an aberration of pro- 


of the physiologic aging process or 
whether they may be clinically signi- 
hicant 

The osteoporosis in senility may well 
be due to a number of factors, such 
as generalized suppression of hormone 
secretion and the degenerative effect 
on cells due to the aging process. A 
striking example of the difficulty the 
aged have in producing osteoid tissue 
is seen when one studies the healing 
of fractures in elderly people. 

CuSHINGS SYNDROME OR BASOPHI 
isM. The radiologic findings in baso- 
philism cannot be differentiated from 
the group of 
Clinically there are the following fea- 
tures: 1) peculiar fat distribution re- 
sulting in the “moon face” and “buf- 
falo hump” with thin arms and legs, 
2) hirsutism, 3) acne, 4) thin red 
skin with striae, 5) hypertension, 6) 
amenorrhea with loss of libido, 7) dia- 
betes, 8) lymphocytopenia, 9) 
vated serum sodium and bicarbonate. 
and 10) 
chloride. 

The the over- 
production of adrenal cortical “sugar” 
or “S” hormone. This hormone exerts 
an anti-anabolic effect on osteoid pro 
duction resulting in osteoporosis and 
skeletal chil- 


disease be due to a 


general osteoporosis. 


ele- 


low 


serum potassium and 


cause is ascribed to 


cessation of growth in 
The may 
primary adrenal adenoma, hyperplasia 
or carcinoma. Secondarily the adrenal 
may be stimulated by overactivity of 
the basophil cells in the pituitary 
gland. It is probable that these baso- 
phil cells produce an excess of adrenal 
corticotrophic hormone (ACTH). 

In Cushing’s syndrome the endo- 


dren 


crine factor probably acts primarily on 
the synthesis of protein which is neces- 
sary for osteoid tissue formation. The 
osteoporosis seen in cases of malnu- 
trition and also in cases with the so- 


tein metabolism. In severe cases of 


hyperthyroidism one occasionally sees 
a generalized osteoporosis** or more 


rarely a picture simulating malacic 


The 


known. However, it may be postulated 


bone disease. mechanism is not 
that the catabolism of protein may be 
the predominant factor and will be evi 
denced by osteoporosis, whereas, if the 
calcium salts 


excretion of predomi 


nates, there will be a pattern simulat 
ing osteomalacia. 

BONE AND 
the 2 
generalized de 
may be differen 
tiated into a) the group due to a de- 


COMPARISON OF MALACK 


Porotic Bone. Radiologically 


main groupings of 


creased bone density 


fect in mineral metabolism, the malaci« 
group, and b) the group due to a de 
fect in the metabolism of the organic 
portion of bone variously called os 
teoid tissue or bone matrix, the porotic 
group. 

The first due to an aberration of min 
eral metabolism can be exemplified in 
rickets.’ 
The second group due to an aberration 


an exaggerated manner by 


of osteoid tissue likewise can be best 
exemplified by scurvy. The radiologic 
differences can best be appreciated by 
charting the findings. 

Not authori 
ties challenged the possibility of dif 
the 
scurvy and rickets. However, the mod 
ern radiologist is confident that he cai 
discern 


many vears ago 


many 


ferentiating bony changes o 


differences between clinica 
cases of infantile scurvy and rickets 
Thus scurvy and rickets can be ut 
lized as prototypes to differentiate mii 
eral the malaci 
group from organic matrix diseases, t] 
porotic group. It must be remember: 
that the very active metabolism, and « 


pecially the growth 


metabolic diseases, 


of the epiphys 
and metaphyses in infants, exaggerat 


be 


pro 
ot 
Sees 
more 
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not 
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lomi 
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the Roentgen changes. Since in adult 
bones the epiphyses have fused with 
the metaphyseal zone, comparable with 
the metabolic exchange in other por- 
tions of the bone. 

DIFFERENTIAL DIAGNOSIS ‘OF DeE- 
CREASED Bone Densiry. There are 
numerous bone diseases which can be 


diagnosis can be established by find- 
ing increased globulin in the serum, 
Bence-Jones protein in the urine and 
plasma cells in the bone marrow. The 
serum calcium may be elevated as in 
hyperparathyroidism. 

Occasionally metastatic carcinoma 
may be confused with generalized 


Chart 4. 
COMPARISON OF RADIOLOGIC FINDINGS 


RICKETS 


SCURVY 
Ground glass 
Washed out effect 


Brittleness 


!. General appearance Coarse demineraliza- 
of long bones tion. 
\ “fibrous effect” 
2. Plasticity Softening 
Reaction to trauma Bowing 


ind stress 


Widening & cupping of 


metaphysis, 


Greenstick fractures 


Infractions 

Dislocation of epiphyses and 
plate. 

Corner sign 


t. Cortical or compact Absent or diminished Chin but clear 
bon Subperiosteal resorp- Endosteal resorption 
tion. 
5. Cancellous or spongy bone Primary trabeculae, _re- Primary and_ secondary _re- 
maining secondary sorbed. 


trabeculae resorbed. 


Preferential reaction to 


Wolff's law. 


6. Osteoid overgrowth 


Provisional zone of cal- 


No reaction to Wolff's law. 


Osteoid cysts (rare). None. 


Not formed. 


cification radiolucent. 


Epiphyses—coarse, ra- 
diolucent but growing. 
No cortical edge. 


7. Subperiosteal hemor- None 
rl ig¢ 


8. Costochondral junc- Rachitic rosary 


tions Costochondral junction 


9. Skull Bossing—thin 


Do not grow. Fine, radiolucent. 
Edge present. Ring sign. 
Wimberger. 

+ present 


Bayonetting of ribs 
Infractions 
No change 


Hot cross bun, coarse 


10. Mandible Coarse 


ll. Teeth and surrounding No lamina dura 


confused with both malacic and porotic 
diseases. Certain instances of diffuse 
multiple myeloma®, in which localized 
punched-out lesions are not present, 
may simulate osteoporosis and occa- 
sionally osteomalacia. The spine and 
pelvis may show a generalized de- 
mineralization. Even “fish” vertebrae 
have been noted. Usually the correct 


Ground glass 
Lamina dura thin but distinct. 


metabolic bone disease. Increased uri- 
nary and serum calcium have _ been 
noted. Most often a complete roent- 
genological study of the skeletal sys- 
tem will reveal the true disseminated 
character of the metastatic lesions. A 
bone biopsy usually yields definitive 
information. 

Leukemia, the reticuloses, certain 
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anemias and polyostotic fibrous dys ful consideration of blood and urine 
plasia have on occasion caused con- chemistries, peripheral blood and bone 
fusion with metabolic bone disease. marrow patterns. The final arbiter may 
These entities can be excluded by care be a bone biopsy 
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PROCEEDINGS O1 


PHYSIOLOGICAL SOCIETY OF PHILADELPHIA 
SESSION OF FEBRUARY 19, 1952 


Respiratory Impairment in Emphy- 
sema and Asthma. D. V. Bates, M.R.C.P., 
Medical Protessorial Unit, St. Barthol- 
omews Hospital, London.) Respira- 
torv function in normal subjects and in 
cases of emphysema and asthma has 
been investigated by two methods: 
firstly, by measuring the uneven distri- 
bution of inspired gas by means ot a 
losed circuit technique using helium, 
ind secondly. by determining the rate 
{ uptake of carbon monoxide gas using 
open circuit method. The first of 
these techniques has already been de- 
scribed. In the second, the rate of up- 
ike of carbon monoxide is measured 
nder steady state conditions, and is 
expressed as a percentage of the total 
volume of carbon monoxide inspired. 
rhe inspired gas contains 0.15% CO in 


ill and 


all gas analyses have been made 
n an infra red analvser. Young normal 
subjects have a mixing efficienev of be- 
n 60% and 95% with a mean of 
75%, and were found to take up an 
iverage of 53% of inspired CO. Old 
rmal subjects were found to have 

significantly lower mixing efficiency. 
ind a slightly lower average rate of up- 
take of CO though the difference be- 
tween them and the young normals 
vas not statistically significant as the 
roups were small in number. Forty- 
three cases of emphysema had an aver- 
ige mixing efficiency of 25%, and took 
ip an average of 29% of inspired CO, 
the lowest percentage uptake found 
being 12% and the highest 40%. A group 
f young adults, below the age of 19, 
suffering from asthma were studied, 
ind it was found that although in the 


majority of these cases the degree of 


mixing impairment was as severe as 
that found in emphysema, in only | 
case was the rate of uptake of CO 
significantly lower than in the normal 
subjects studied. It is thought that 
these findings indicate that although 
the unevenness of distribution of in- 
spired gas may be as great in asthma 
as in emphysema, the two conditions 
differ in one important respect. In the 
case of emphysema there is impaired 
gas clearance from the well ventilated 
parts of the lung, whereas in asthma 
a normal proportion of carbon monox- 
ide can be removed from the inspired 
gas, and hence the relatively well ven- 
tilated areas of the lung must be capa- 
ble of normal function in this respect. 


A New Method of Producing Repeti- 
tive Short Bursts of Idioventricular 
Rhythm in the Dog. A. SoKALCHUK, 
R. E. Datmtey and J. N. Crowner (Re- 
search and Development Division, 
Smith, Kline and French Laboratories, 
Philadelphia, Pa.). Dogs are anesthe- 
tized with a thiopental-barbital mix- 
ture. Caffeine sodium benzoate, 100 
mg./kg., is injected intramuscularly. 
The left chest is opened under inter- 
rupted positive pressure (reasonably 
constant source) artificial respiration. 
To prevent hypercapnea under the ex- 
perimental conditions, respiration is 
maintained at a rate of 60 to 70 per 
minute. A critical level of hypoxia is 
achieved by reducing pulmonary vol- 
ume exchange to the point that mini- 
mal, continuous, reflex muscular at- 
tempts at respiration are just produced. 
Atelectasis should be promptly cor- 
rected if it occurs. Mean arterial blood 
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), 


os. 


pressure and muscular attempts at res- 
piration The 
cardiogram is continuously observed on 


are recorded. electro- 
1 cathode-ray oscilloscope; controls and 
permanently 


recorded. Both control and test animals 


significant changes are 
are challenged every 5 to 10 minutes 
with selected doses of epinephrine in 
travenously about one hour after caf- 
tfeine is given. 
Myocardial irritability 
assigned to that dose of epinephrine 


threshold is 


that produces a definite but short burst, 
5 to 10 successive beats, of idioventric- 
ular rhythm. This threshold remains 
for 2 to 3 how 


reasonably constant 


periods. Anti-arrhythmic agents cause 
marked elevations in threshold of myo 
cardial irritability as indicated by mul- 
tiple increases in control dose of epine 
phrine required to elicit a threshold 
response. 

By this method, doses of 0.5 to 5.0 
mg./kg. intravenously of ‘Dibenzy- 
line’ (N-( phenoxyisopropyl )-N-benzyl- 
6-chlorethylamine ) 
mg./kg. 
amide produce comparable elevation of 
the epinephrine arrhythmia 
threshold. The brief duration of action 
of procaine hydrochloride precludes an 
accurate determination of peak degree 
of activity; however, significant degrees 


and doses of 50 


intravenously of procaine 


induced 


of protection are observed in doses of 
2.5 to 5.0 mg./kg. intravenously. Quini- 
dine sulfate and ‘Dilantin’ (diphenylhy- 
exhibited significant 
degrees of protection. Diethylaminoeth- 
anol yielded no protection in the dose 
range studied and in one experiment 
lowered the threshold of myocardial ir- 
ritability. 

This method permits a semi-quanti 
tative evaluation of both degree and 
duration of protective activity of drugs 
igainst ventricular arrhythmias. 


dantoin sodium) 
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The Central Mechanism of Emotions. 


Sprece.. H. T. Wycis. H. Freep and 


K. Orcuinik. (Departments of Experi- 


mental Neurology, Neurosurgery and 
Psychiatry, Temple University School 
of Medicine ). 


58 cases in which circumscribed lesions 


Based upon a study of 


of various thalamic nuclei were pro 
duced. the authors arrive at the con- 
clusion that it is not possible to refer 
emotional reactions to a single circum- 
scribed nucleus within the diencepha- 
lon or to its connections with the frontal 
lobes, but that there exists a multiple 
representation of its function. Follow- 
ing the elimination of one or two of 
these circuits, others are able to com- 
pensate for the loss. As far as our pres- 
ent experience permits us to localize 
this the 


seem to play a part: (a) the 


function, following systems 
connec 
tion of the dorsomedial nuclei with the 
frontal (b) 


tions of nuclei 


association areas. connec- 


the 


connections of the 


the anterior with 
cingulate gyrus, (c) 
hypothalamus with the frontal 
(d) 


chiefly between the dorsomedial nu- 


lobe, 
intradiencephalic connections 
clei and the hypothalamus, perhaps 
the 


the mammillary bodies. 


also between anterior nuclei and 


The Response of Coronary Venous 
Blood Oxygen Saturation to Intrave- 
nous Injection of Epinephrin and Nor- 
epinephrin. J. W. West, H. E. Lessner, 
M. E. Hess, P. H. Butie, M.D., E. L. 
Fo.itz, M.D. (Departments of Pharma- 
Medicine, 


Pennsylvania ). Changes in the coronary 


cology and University of 


venous blood oxvgen saturation were 


studied in normal intact dogs under 
the influence of morphine and combi 
nation barbiturate anesthesia (dial 
urethane, pentobarbital). Arterial 


samples were obtained through a fem- 


| 
> 
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oral puncture, while coronary venous 
sampling was accomplished by cathete- 
rization of the coronary sinus under 
fluoroscopic control. Blood pressure 
was recorded by the Lilly capacitance 
manometer from the femoral artery. 
rhe drugs used in these series of study 
were the pure forms levo-epinephrine 
hitartrate and levo-norepinephrin bi- 
tartrate. 

Following the injection of saline in 
our control series, there was but a 
slight mean change in the coronary 
venous blood oxygen saturation (—2%), 
mean arterial blood pressure (~4 mm. 
Hg), and cardiac rate (—2 beats/min.). 
In a dose-response series in which doses 
of 1 to 100 gamma/kilo of either drug 
were used, the changes in coronary 
enous oxygen saturation. mean. ar- 
terial blood pressure and cardiac rate 
were similar for both drugs, but vary- 
ing in degree with the dosage. The ob- 
served change in- coronary venous 
blood saturation was of short duration 
ind occurred with the maximum rise 
in blood pressure and a corresponding 
bradycardia. A dose of 5 gamma/kilo 


of either drug produced a mean rise in 
the coronary venous oxygen saturation 
of approximately 34% and a mean rise in 
mean arterial blood pressure of 62 mm. 
Hg which proved to be highly signi- 
ficant as statistically shown with 
“Students t” test. 

We have observed in several experi- 
ments after atropinization, the injection 
of epinephrin or norepinephrin did not 
produce this increase in coronary ve- 
nous blood oxygen saturation and the 
bradycardia, while still preserving the 
rise in mean arterial blood pressure. 
This observation suggests that the 
bradycardia is partly responsible for 
the favorable coronary venous oxygen 
exchange and that the bradycardia is 
due to a pressor reflex effect with the 
vagus nerve as the effector. 

In conclusion, under the conditions 
of these studies, there appears to be 
no essential difference between the ac- 
tions of epinephrin and norepinephrin 
on the coronary blood oxygen ex- 
change, arterial blood pressure and 
cardiac rate. 
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BOOK REVIEWS AND NOTICES 


C’LINICA HEMATOLOGY By MAXWELI M THe TEMPOROMANDIBULAR JOINT Edited by 
WinTROBE, M.D., Ph.D., Professor of Medi BERNARD G. SARNAT, M.D., M.S., D.D.S 
ine | ersitv of | tah ( olle ge ot Medicine Protessor ind He id f the Department ot 
id ed Py} 1048: 220 ills.. 17 plates Phila Oral and Mavxillofa il Surgery College of 
delph Lea & Febiger, 1951. Price, $12.50 Dentistry, Universit f Illinois. Pp. 144; 52 

THIS plendid revision of a work which ills. Springfield, Tl Charles ( Thomas 
is earned the highest regard of specialists in L951. Price, $4.75 

the field I ematology is well is ot physi The Temporomar bular Joint edited by 
ans al edical students in general. The Sarnat is a monogray t American Le¢ 

present lition maintains the high standards ture Series and brin together five authorities 

ot its predecessors. Among the changes whit! n this subject 
ive been made are extensive revisions of the The purpose of the nograph is to bring 
sections on bone-marrow, red cell productio1 the knowledge of tl rticulation and su 
nd destruction, coagulation, and the effects rounding structures to-date ind te dis 
t irradiat n. New sections have been idcde | rove certan 11S I ns which hav beer 
hich deal with evtochemistry spleni pune perpetuat d fron t to another The 
ture nd the role of heredity in hemopoiet functional inatomy t ypatl log ind 
lisorders. Sy] ial msideration is given t pathology f tl ry early ¢ 
newer therapeutic agents, including vitamir plained and illustrated and the di is of 
B id rticotropic ind adrenocortical such disorders is ver ically orrelated 
lhormor These are onlv a few of the ch ings Sur ndvlar row ucl por 
vhich led t large ent of the text hy , tant role in facial d went. this pect is 
SU pave nd con sideratis n. Denta 
In addition to the comprehensive clit il tactors wor ear t play i SIZE 
nd technical discussions, Dr. Wintrohe ble role rrectal disorder dia 
provided a selected bibliography of ab { rdingly, due npha en to tl ph 
1000 reterences R. H 
It should h ipparent from this ill too brief 
review that this new edition will continue + 
rovide an authoritative. up-to-date referen MEDICAL ( s oF N ANTERICA. hi 
for all aspects of clinical hematology igo Number. Januar 1952. Pp. 301; 28 
( 7 Is Philadelphia B Saunders 
Price, $15.00, a 
THis volume lu Iposin Re 
{HE CLINICAL Use oF FLuIp AND ELEcTRO cent Advances in Cardiovascular Diseases 
LYTE. By JoHN H. BLANp, M.D.., Assistant 228 pages), and several clinics on other sul 
Protessor f Medicine, University of Ver jects (Recent Studies on ACTH and Corti 
~ mont College of Medicine. Pp. 259; fig. 75 one, Practical Probl n the Use of Anti 
Philadelphia: W. B. Saunders Co., 1952 biotics, The Physician n Atomic Attack 
Price, $6.50 Advances in Infant N tior ind The Pa 
His manual presents effectively the cumu tient and His Physici e chapters on the 
lative information concerning the chemical whole are excellent 1 worthy of careful 
pathophysiology encountered in a wide va perusal by the practitioner. A few are weak 
riety of medical ind surgical conditions Cen howevet We ar told rae 112 that the 
rous use is made of the Gambk type diagrams washing out” of the | xl carbon dioxide 
to illustr ite the fluid and electrolyte de range in advanced congestive | lure lead Im cer 
ments seen in renal disease. congestive fail tain patients to ACIDOSIS!!! We re told 
ure, diabet mellitus pediatrics, geriatrics lso (pages 110-111) that “some instances of 
and many ther situations. The vuthor = re hypertension are due to tl extra effort put 
serves a special plea for more sagacious out by a failing heart | that, on the other 
therapy in the case of the aged who tolerat hand, some patients i actually have thei: 
electrolyte shifts and dehydration poorly As blood pressure driven up so high by pro 
i practical guide to the diagnosis and treat longed digitalis administration as to causé 
ment of fluid abnormalities, this book wil] hx rupture of a cerebral vessel.” The low salt 
ot great to everyv phy sician svndrome is di ribe d very poorly ind noth 
3 ing is said concerning therapy for cases in 
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hich this syndrome complicates severe and 


persistent congestive failure. The electro- 


irdiographic “acute phase” of cardiac infare- 
m is said to be prolonged by dicumarol 
erapy, and this is apparently supposed to 

good effect. Does this mean that the 


urrent of injury” effect of freshly damaged 


cardium is prolonged and that this is de- 
rable? The chapter on the pathogenesis and 
itment of hypertension contains a= para- 
entitled “Drugs of Proved Usetulness 

is a classic of non-committal writing. 

r.. D. 


OF CHILDHOOD. By HENRY M 
Assistant Clinical Professor of 
Neurosurgery, and Cart W. Ranp, M.D., 
Professor of Neurosurgery, Univer- 


{ Southern California. Pp. 224; 61 ills 

Springfield, Illinois: Charles C Thomas, 
52. Price, $5.75 

[HIS now! iph presents the authors’ ex 


ence with 83. verified brain tumors. of 
lhood. The first 12 chapters are each 
ted to a specific tumor group. The be- 
cach chapter contains historical 

es followed by a statistical analysis 
uthors’ cases, Roentgen-ray findings 

I il period and final comment. The last 
pter considers general symptomatology, 
itterential diagnosis and diagnostic aids. 
illustrations of the gross lesions are help- 
mplime nted by excellent photo- 
rographs. This compact little book will 
welcomed by all interested in the problems 


brain lesic ns in children. 


and ire 


M. S. 


MANUAL OF PARASITOLOGY FOR MEDICAI 
STUDENTS AND BEGINNERS. By MArK M. 
ScHapiro, M.D., M.S., Fellow, Royal So- 
iety of Tropical Medicine and Hygiene 
London; Fellow, International College of 
Surgeons; Formerly Instructor, Department 
t Bacteriology and Lecturer in Parasitology, 
Stritch School of Medicine, Loyola Univer- 
sity; Consultant in Tropical Medicine and 
P American Hospital, Chicago, 
[linois. Pp. 140; 8 ills. New York: Grune & 
Stratton, Inc 1951. Price, $5.50. 
ris manual has an unusual format. The 
tual material is arranged in double columns 

i 6” x 8%” page. The illustrations consist 
8 plates and a colored frontispiece 
The author, as indicated in his preface, has 
ited the presentation of the subject to a 
rief discussion of general principles and the 
logical differentiation of the more impor- 
nt parasites of man, including a chapter on 
boratory diagnostic methods. 


ul isitology 


Since this text is primarily designed for the 
medical student, many may regret that greatez 
emphasis has not been placed on epidemi- 
ology and pathogenesis. 

Two typographical errors were noted (page 
15—I. butschlii; page 65—H. heterophyes). 

Che inclusion of a brief section on Arthro- 
pods would be of value. 

E. S. 
A. L. 


SURGERY OF Nerves. By 
Secerz, M.D., F.A.C.S., F.1-C.S. Asst. Clin 
Prot. Neurolog. Surg. Univ. of South. Cali- 
fornia Sch. of Med. Pp. 181; 136 ills. Spring- 
field, Ill.: Charles C Thomas, 1951. Price, 
$10.75. 

fue author has written a well-illustrated 
book. It is particularly useful for a practicing 
neurosurgeon. In the surgical attack on peri- 
pheral nerve injuries, a number of new in- 
cisions are introduced, which are designed for 
good exposure as well as preventing restric 
tive scars. The study of each major nerve is 
simply outlined; the author presents the es- 
sential anatomy, the surgical anatomy, the 
course and distribution of the blood vessels 
the level of the lesion, characteristic symp- 
toms, the incisions for surgical exploration 
and the operative procedures. The chapter 
on the hand is particularly clear and useful 
in understanding the mechanics of finger 
movements with reference to the lesions of 
the median, ulnar, and radial nerves. These 
mechanics are beautifully illustrated with ex- 
cellent photographs A similar study has been 
presented for the mechanical movements of 
the toes and foot 

This book serves as an excellent reference 
for special neurosurgical problems with re- 
spect to the surgery of the peripheral nerves. 


H. W. 


OpuHTHALMOLOGY. By ArNo E. Town, Prof. 
of Ophthalmol., Jefferson Med. Coll., Phila 
Pp. 511; 208 ills.; 4 plates in color. Phila.: 
Lea & Febiger, 1951. Price, $10.00. 

Tus book is written by a group of out 
standing ophthalmologists in an effort to pro- 
vide a suitable treatise for the undergraduate 
student and general practitioner. It would 
seem that it is admirably suited as an intro- 
ductory text for the beginning resident in 
ophthalmology but it is too detailed to hold 
the interest of the average physician. 

The textual material is treated in the usual 
way by considering the separate anatomic 
parts and the diseases affecting each. Al- 
though this approach has merit, the practical 
application of the facts is not met with in 
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what is really required is a 


linical treatise which treats the situation as 


it is presented in the patient. The author 
wade a briet attempt at this in Chapter 19 
mm oy ptomat Diagnosis. This chapte r, how 
evel ld stand considerable improvement 
nad plification. For example, tne author 
kes the statement, “If the patient suffers 
eXCTI ting pain with a sudden loss of vision 
the diagnosis is undoubtedly acute glaucoma 
Chis k 4 statement obviously accomplishes 
no good purpose in increasing tne clinical 
cu n of the general practitioner 
s | ROIS highly recommended to the 


mnior re lent in ophthalmology W. HI 


NEWER ETHICAL PROBLEMS IN MEDICINE AND 
M.D 
Westminster, Md The 


Price $3.79 


BERNARD FICARRA 
A.S.G. Py 168 


Press. 195] 


S book ntains a discussion of sucl 

t nd sociological problems as abortion 
station, mutilation (including 

itions of lobotomy sterilization 

prope! i drugs ontraception, eu 
t rtificial insemination socialized 
t psies ind compensation medi 

\ pter on the moral ispect of pro 

SS nduct presents the principles of 


thics published by the 


Cl Americar 
Med Associatior 


Che Se ire reproduced ln 


ipte n socialized 

S briefly the nenace govern 
na n ot edical practice 

sou progran f ti 

| Ass ition tor the Tek incement 
M nd Public Health. The specia 


r.D 


S Ss ARCHITECTUR: NORMAI 
Mik Hearts. A 
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M.D... Assi 


itho 
[ilinois nd Atoysius Vass. M.D 

( t Pat gist Veter ins Admi 
S Bluff. Missouri Pp. 145: 30 

§ i Charles ( Thomas 
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S st resent s phvlogeneti 
\ pment nor il 
1919 1921. Later 
2 ‘lied this theory t transposition 

s. Following criticism of the theory 

was xp] ed and extended by thx 
1 occasions. Basically the theor, 
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mammalian heart to phylogenetic forces oper 
ating by hydrodynamic means and catalyzed 
by tne development of pulmonary respiration 
Chis important hypothesis and the arguments 
supporting it have not been sufficientiv avail 
ible to the 


were 


American physician because they 
ditticult 


circumvented this by 


written in German. Drs. Lev 


ind Vass have provid 


ing an excellent translation Furthermore 
since Spitzer s approa contains many taults 
ind in some respects does not ontorm te 
later embryological research, the translators 


have added a summary ind analysis of the 
modific ation 
The book is to be highly recommended to all 


ho are 


theory with a criticism ind a 


interested in the embrvology of the 
heart and to thos« 


linicians wh ire inter 
ested in congenital heart disease 
PLASTIC SURGERY OF THE Nose. By JAMES 
BARRETT Brown, M.D., Prof. of Clin. Surg 


Washington Univ. Sch. of Med.. and FrANs 
McDowe .t, M.D., Asst. Prof. of Clin. Surg 
Washington Univ. Scl of Med. Pp. 427 
379 ills., 48 in color. St. Louis: C. V. Mi 


by, 1951. Price, $15.00 
ibove mentioned volun mo 
tluable text whic] s hard to describe ad 


juately in a Reviewer's paragraph. For tl 


surgeon with experience or the he ginner look 
ing for help, this book fills a long-felt nee 


Herein 


ire related yperative techni 


by experience and illustrated lequ 
how to do it inner. For the ternist 
the practitioner of general medicine th 
tion on indications is portant. 7 rf 
rhinoplasty 1S ncreasing It isal 
tormityv exists. this pr cedure s] uld be re 
mmended because what may be « mmplet 
to another. This book is ghly mend 
to all concerned D.M 


LEXTBOOK OF REFRACTION. By EpWIn Fo 
Tarr, M.D., Ph.D Asso Prof f O 
thalmol Temple Unis Phila. Py {18 
lls. Phila \\ B. Saunders ( 19° 
Price. $8.00 

THis book is designed primarily for 
student group preparing tor practice 

field of eve work. T] early hapters dis 

basi material and ncepts wil the a 
onsiders necessary tor tl st t ref 

tive errors and ocul tor an ilies 

\ thorough understanding of such | 

quipment as the trial frame, trial case. a 
ind properties of lenses prisms and cy 

ple gics 1S most mportant t t] stu 

f hapter 28 resent 1 helpful rrelat 
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BioLOGICAL ANTAGONISM. THE THEORY OF 
BioLocicaL Revativiry. By Gustav J. MAr- 
rin, Research Director, National Drug Co. 
Pp. 516, 64 ills. Phila.: Blakiston Co., 1951. 
Price $8.50 
luis book represents a current summary of 
knowledge in the field of displacement. The 
meept of metabolite analogues is well pre- 
ented. Chapters representing enzymatic in- 
iibition, pharmacologic aspects, p-aminoben- 
cid, sulfonamides, folic acid, amino acid 
nalogues, proteins and protein antagonisms 
re included. Discussions of metabolite an- 
gues of pantothenic acid, pteroylglutamic 
id, thiamine and riboflavin, pyroxidine, nico- 
tin icid and biotin, choline, inositol, and 
s.., are especially valuable. Other sections are 
jually well done. The importance of “growth 
ictors is “essential metabolites which can 
t be synthesized” is stressed. This work is 
eful to those interested in chemotherapy 
ch should include pharmacologists, im- 
inologists, bio-chemists, and bacteriologists 


M.O 


NEW BOOKS 


Renal Function. Transactions of the Second 
Conference October 19-20, 1950, Neu 
York, N. Y., Sponsored by the Josiah Macy, 
jr. Foundation. Edited by E. 
BrapLey, M.D. Pp. 178; 27 ills. New York: 
Josiah Macy, Jr. Foundation, 1951. Price, 
$3.00 


PHYSICIANS interested in basic phenomena re- 
ited to renal function will be as delighted with 
volume as they were with that which reported 

first nference. The transactions have been 
faithfully transcribed and the informality of the 
issions carried over to the printed page, thus 
nitting the reader to share in the “give-and- 

ke inherent in this type of meeting. The topics 
cussed were Adrenal Cortical Hormone and 
Related Hormones in Water Metabolism, Anti- 
retic Factors, Some Pituitary and Adrenal In- 
fluences on Renal Function in Man, The Excretion 
f Sodium in Relation to Glomerular Filtrations, 
Endocrine Factors in the Utilization of Gluta- 
thione, and Bioassay of Sodium-Retaining Corti- 
s and Some Changes in Excretion of thes« 
Substances in Disease. The Foundation is to be 
yratulated for having made available in one 
lited volume all this up-to-date and valu- 
iterial on an extremely important subject 


eclitec 


\drenal Cortex. Transactions of the Second 
Conference, November 16-17, 1950. Edited 
by Evaine P. Raut, M.D. Pp. 209; 68 ills. 
New York: Josiah Macy, Jr. Foundation, 
1951. Price, $3.00. 
ne topics presented and discussed by the 
group of leaders in adrenal cortex research who 


participated in this conference include: The Present 
Status of the Chemistry of ACTH, Regulation ot 
Pituitary Adrenocorticotropic Activity. The Rela- 
tion of the Adrenal Hormones to the Hypersensi- 
tive State, Hyaluronidase and the Adrenal Cortical 
Hormones, and Further Clinical Studies with 
ACTH and Adrenal Cortical Hormones. This volume 
is highly recommended to all physicians to aid 
them in keeping abreast of the advancing tide of 
adrenal cortex knowledge and its manifold prac 
tical applications 


I. D. 


Nerve Impulse, Second Conference. By Daviw 
NACHMANSOHN, M.D., Editor. Pp. 204; 37 
ills. Caldwell, N. ].: Progress Associates, 
Inc., 1951. Sponsored by Josiah Macy, Jr. 
Foundation, New York, N. Y. Price, $3.50. 

Tuis second conference on nerve impulse dis- 
cusses ionic problems, excitability, central excita- 
tion and inhibition, anesthetizing action and metab 
olism, All twenty-five participants in this group 
are authorities in their respective fields. The in- 
formal character of the book has been preserved 
Bibliographies and illustrations are valuable. Cur- 
rent concepts on the topics considered are well 
presented. Discussions are fully set out. Newest 
concepts and techniques are presented in such a 
manner as to be useful to physician, investigator 
teacher and student. This book is a most pertinent 
one in its field 

M. O. 


Medical Milestones. By HENRY J. L. Mar- 
rnioTT, M.D., Assistant Professor of Medi- 
cine, University of Maryland, Pp. 293; 6 
ills. Baltimore: Williams and Wilkins Co., 
1952. Price, $3.50. 

Int present day insatiable public demand fot 
popular articles dealing with medical progress has 
led to the appearance of many accounts in which 
the enthusiasm of the author has carried him far 
beyond the realms of scientific reality and harm 
has been done in many instances. It is a great 
pleasure therefore to read a volume such as this 
one in which a physician, blessed with excep- 
tional literary ability, has presented for the non- 
medical public a completely accurate summary of 
many outstanding recent medical triumphs. The 
material is presented in a non-technical fashion 
and in a very readable style. It is a book to be 
highly recommended for public consumption. 
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Factors Regulating Blood Pressure. Trans- 
actions of the Fifth Conference, February 
15-16, 1951. Edited by BEenyamMin W. 
ZweiracH, M.D., and Epuram SxHorr, 
M.D. Pp. 238; 49 ills. New York: Josiah 
Macy, Jr. Foundation, 1951. Price, $3.75. 

Reportinc the fifth and final Conference on 
Factors Regulating Blood Pressure, this volume 
deals mainly with arteriosclerosis. As with the 
previous representatives of this series, the discus- 
sions following the presentation are invaluable to 
the reader in weighing the opinions of the par- 
ticipants who represent a variety of approaches. 
The following topics are discussed: Chemical 
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BINDERS AVAILABLE FOR YOUR COPY OF 
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In response to numerous requests, we can now offer subscribers attractive and sturdy 
binders large enough to hold six issues of The American Journal of Medical Sciences. 

These binders will not only help to preserve your copies of The Journal, but will prove ‘ 
a definite asset to the appearance of your library. Binders are dark blue fabrikoid, with 


the name: AMERICAN JOURNAL OF THE MEDICAL SCIENCES, stamped in 
gold. Price, $2.00 each. 
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